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IMPORTANT NOTICE 


Texas Instruments (Tl) reserves the right to make changes in the 
devices or the device specifications identified in this publication 
without notice. Tl advises its customers to obtain the latest version 
of device specifications to verify, before placing orders, that the 
information being relied upon by the customer is current. 


Tl warrants performance of its semiconductor products, including SNJ 
and SMJ devices, to current specifications in accordance with TI's 
standard warranty. Testing and other quality control techniques are 
utilized to the extent Tl deems such testing necessary to support this 
warranty. Unless mandated by government requirements, specific 
testing of all parameters of each device is not necessarily performed. 


In the absence of written agreement to the contrary, Tl assumes no 
liability for Tl applications assistance, customer’s product design, or 
infringement of patents or copyrights of third parties by or arising from 
use of semiconductor devices described herein. Nor does TI warrant 
or represent that any license, either express or implied, is granted 
under any patent right, copyright, or other intellectual property right 
of Tl covering or relating to any combination, machine, or process in 
which such semiconductor devices might be or are used. 


Specifications contained in this data book supersede all data for these 
products published by TI in the US before January 1985. 


Copyright © 1985, Texas Instruments Incorporated 
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INTRODUCTION 


In this volume, Texas Instruments presents technical information on field-programmable logic and memory 
devices, including Programmable Array Logic (PAL® ) circuits, Field-Programmable Logic Array (FPLA) devices, 
and Schottky? TTL memories (PROMs, RAMs, and memory-based code converters). 
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Tl’s line of programmable array logic products includes high-speed leadership circuits as well as standard PALs 
which are pin-compatible and functionally equivalent with other programmable logic array devices available. 
This volume includes specifications on existing and future products including: 


® High-performance IMPACT PALs and low-power IMPACT PALs with leadership speed at 15 ns and 25 ns 
(max), respectively 

® 20-Pin and 24-pin standard and half-power PALs 

® High-complexity Latched and Registered input PALs and Exclusive-OR arrays 

@ Simple PALs 


Each of these offer the designer significant reductions in '‘custom’’ design cycle time, as well as savings in 
board space by reducing SSI/MSI package count by as much as 5 to 1. 


General Information 


Specifications for TI’s two high-performance field-programmable logic arrays, TIFPLA839 and ‘840, are also 
detailed. Designed with both programmable AND and programmable OR arrays, these functions contain 32 
product terms and six sum terms. Each of the sum-of-products output functions can be programmed either 
active high (true) or active low (true). They provide high-speed, data-path logic replacement where several 
conventional SSI functions can be implemented with a single FPLA package. Product preview information on 
six field programmable logic sequencers (FPLS) has been included. 


Tl’s family of high-performance Schottky TTL memories offers a wide variety of organizations providing efficient 
solutions for virtually any size microcontrol or program memory application. This volume contains information 
on TI's standard PROMs and new high-speed Series 3 IMPACT PROMs, including: 


@ 256-Bit, 1K, and 2K PROMs suitable for logic replacement 
@® Standard and low-power. 512 x 8, 4K PROM, and 1024 x 8, 8K PROM 
® Series 3 PROMs: 
High-speed, 15ns, 32 x 8, 256-Bit PROM 
1K, 2K, 8K IMPACT PROMs in 4- or 8-Bit word width configurations 
2K x 8 and 4K x 4, 16K IMPACT PROMs, in both high-speed and low-power options 


Series 3 PROMs feature high-speed access times and dependable titanium-tungsten fuse link programming 
elements in both low-density configurations for logic replacement, and high density configurations for high- 
performance memory application. Package options for these PROMs will include plastic and ceramic chip carriers 
as well as the standard DIPs. To achieve significant reductions in board space, Tl offers the 16K, 2K x 8 Series 3 
PROMs in a 300-mil, 24-pin DIP, and 28-pin chip carrier packages. 


Tl’s leadership PAL ICs and Series 3 PROMs utilize our new advanced bipolar technology, IMPACT (IMPlanted 
Advanced Composed Technology). This unique innovation offers performance advantages in speed, power, and 
circuit density over preceding bipolar technologies and includes such features as: 


@ 2-um Feature size 
@ 7-1 Metal pitch 

@ Walled emitter 

®@ lon implant 

® Oxide isolation 

@® Composed masks 


PAL is a registered trademark of Monolithic Memories Inc. 
Tintegrated Schottky-Barrier diode-clamped transistor is patented by Texas Instruments, U.S. Patent Number 3,463,975. 
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A new Field Programmable Logic Application Report has been incorporated in this data book as a reference 
tool. It provides the first-time user of field-programmable logic with a basic understanding of this powerful 
semicustom logic. 


Also included in this volume is a Functional Index to all bipolar digital device types available or under development. 
All logic technologies (TTL, S, LS, ALS, AS), field-programmable logic, programmable read-only memories, and 
bipolar complex LSI are also included. Logic symbols and pin assignments for all bipolar devices are shown in 
the Product Guide section of Volume 1 with typical performance data and chip carrier information. 


While this volume offers design and specification data for bipolar programmable logic and memory components, 
complete technical data for any Tl semiconductor product is available from your nearest TI field sales office, 
local authorized TI distributor, or by calling Texas Instruments at 1-800-232-3200, ext. 951. 
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GLOSSARY 


| INTRODUCTION 

These symbols, terms and definitions are in accordance with those currently agreed upon by the JEDEC 
Council of the Electronic Industries Association (EIA) for use in the USA and by the International 
Electrotechnical Commission (IEC) for international use. 


PART | — GENERAL CONCEPTS AND CLASSIFICATIONS OF CIRCUIT COMPLEXITY 
Chip-Enable Input 


1 


Acontrol input that when active permits operation of the integrated circuit for input, internal transfer, manipulation, 


refreshing, and/or output of data and when inactive causes the integrated circuit to be in reduced-power standby 
mode. 


NOTE: See “chip-select input”. 


Chip-Select Input 


A gating input that when inactive prevents input or output of data to or from an integrated circuit. 
NOTE: See “chip-enable input”. 


Field-Programmable Logic Array (FPLA) 


General Information 


A user-programmable integrated circuit whose basic logic structure consists of a programmable AND array and 
whose outputs feed a programmable OR array. 


Gate Equivalent Circuit 


A basic unit-of-measure of relative digital-circuit complexity. The number of gate equivalent circuits is that number 
of individual logic gates that would have to be interconnected to perform the same function. 


Large-Scale Integration (LSI) 


A concept whereby a complete major subsystem or system function is fabricated as a single microcircuit. In this 
context a major subsystem or system, whether digital or linear, is considered to be one that contains 100 or more 
equivalent gates or circuitry of similar complexity. 


Mask-Programmed Read-Only Memory 


A read-only memory in which the data content of each cell is determined during manufacture by the use of a mask, 
the data content thereafter being unalterable. 


Medium-Scale Integration (MSI) 


Aconcept whereby a complete subsystem or system function is fabricated as a single microcircuit. The subsystem or 
system is smaller than for LSI, but whether digital or linear, is considered to be one that contains 12 or more 
equivalent gates or circuitry of similar complexity. 


Memory Cell 


The smallest subdivision of a memory into which a unit of data has been or can be entered, in which it is or can be 
stored, and from which it can be retrieved. 


Memory Integrated Circuit 


An integrated circuit consisting of memory cells and usually including associated circuits such as those for address 
selection, amplifiers, etc. 
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Output-Enable Input 


A gating input that when active permits the integrated circuit to output data and when inactive causes the integrated 
circuit output(s) to be at a high impedance (off). 


. Programmable Array Logic (PAL) 


A user-programmable integrated circuit which utilizes proven fuse link technology to implement logic functions. 
Implements sum of products logic by using a programmable AND array whose outputs feed a fixed OR array. 


Programmable Read-Only Memory (PROM) 


Aread-only memory that after being manufactured can have the data content of each memory cell altered once only. 


Random-Access Memory (RAM) 


A memory that permits access to any of its address locations in any desired sequence with similar access time for 
each location. 
NOTE: The term RAM, as commonly used, denotes a read/write memory. 


Read/Write Memory 


UOIJEWUOjU] Je1QUZH Be 


A memory in which each cell may be selected by applying appropriate electronic input signals and the stored data 
may be either (a) sensed at appropriate output terminals, or (b) changed in response to other similar electronic input 
signals. 


Small-Scale Integration (SSI) 


Integrated circuits of less complexity than medium-scale integration (MSI). 


Typical (TYP) 


A calculated value representative of the specified parameter at nominal operating conditions (Ve¢c =5 V, TA=25°C), 
based on the measured value of devices processed, to emulate the process distribution. 


Very-Large-Scale Integration (VLSI) 


A concept whereby a complete system function is fabricated as a single microcircuit. In this context, a system, 
whether digital or linear, is considered to be one that contains 3000 or more gates or circuitry of similar complexity. 


Volatile memory 


A memory the data content of which is lost when power is removed. 
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PART 2 — OPERATING CONDITIONS AND CHARACTERISTICS (IN SEQUENCE BY LETTER SYMBOLS) 


fmax 


Icc 


ICCH 


ICcL 


NL 


IOH 


los (Io) 


1OZH 


lOZL 


Maximum clock frequency 

The highest rate at which the clock input of a bistable circuit can be driven through its required sequence 
while maintaining stable transitions of logic level at the output with input conditions established that 
should cause changes of output logic level in accordance with the specification. 


Supply current 
The current into* the Vcc supply terminal of an integrated circuit. 


Supply current, outputs high 
The current into* the Vcc supply terminal of an integrated circuit when all (or a specified number) of the 
outputs are at the high level. 


Supply current, outputs low 
The current into* the Vcc supply terminal of an integrated circuit when all (or a specified number) of the 
outputs are at the low level. 


High-level input current 
The current into* an input when a high-level voltage is applied to that input. 


Low-level input current 
The current into* an input when a low-level voltage is applied to that input. 


High-level output current 
The current into* an output with input conditions applied that, according to the product specification, will 
establish a high level at the output. 


Low-level output current 
The current into* an output with input conditions applied that, according to the product specification, will 
establish a low level at the output. 


Short-circuit output current 

The current into* an output when that output is short-circuited to ground (or other specified potential) with 
input conditions applied to establish the output logic level farthest from ground potential (or other specified 
potential). 


Off-state (high-impedance-state) output current (of a three-state output) with high-level voltage applied 

The current flowing into* an output having three-state capability with input conditions established that, 

according to the product specification, will establish the high-impedance state at the output and with a high- 

level voltage applied to the output. 

NOTE: This parameter is measured with other input conditions established that would cause the output to 
be at a low level if it were enabled. 


Off-state (high-lmpedance-state) output current (of a three-state output) with low-level voltage applied 

The current flowing into* an output having three-state capability with input conditions established that, 

according to the product specification, will establish the high-impedance state at the output and with a low- 

level voltage applied to the output. 

NOTE: This parameter is measured with other input conditions established that would cause the output to 
be at a high level if it were enabled. 


*Current out of a terminal is given as a negative value. 
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ViH High-level input voltage 
An input voltage within the more positive (less negative) of the two ranges of values used to represent the 
binary variables. 
NOTE: A minimum is specified that is the least-positive value of high-level input voltage for which 
operation of the logic element within specification limits is guaranteed. 


1 Vik Input clamp voltage 
An input voltage in a region of relatively low differential resistance that serves to limit the input voltage 
swing. 
VIL Low-level input voltage 


An input voltage level within the less positive (more negative) of the two ranges of values used to represent 

the binary variables. 

NOTE: A maximum is specified that is the most-positive value of low-level input voltage for which 
operation of the logic element within specification limits is guaranteed. 


VOH High-level output voltage 
The voltage at an output terminal with input conditions applied that, according to the product specification, 
will establish a high level at the output. 


UOI}EWUOJUY jeEsVUay 


VOL Low-level output voltage 
The voltage at an output terminal with input conditions applied that, according to the product specification, 
will establish a low level at the output. 


ta Access time 
The time interval between the application of a specific input pulse and the availability of valid signals at an 
output. 

tdis Disable time (of a three-state output) 


The time interval between the specified reference points on the input and output voltage waveforms, with 
the three-state output changing from either of the defined active levels (high or low) to a high-impedance 


(off) state. (tgig = tpHz or tpLz). 


ten Enable time (of a three-state output) 
The time interval between the specified reference points on the input and output voltage waveforms, with 
the three-state output changing from a high-impedance (off) state to either of the defined active levels (high 
or low). (ten = tpzH or tpz;). 


th Hold time 

The time interval during which a signal is retained at a specified input terminal after an active transition 

occurs at another specified input terminal. 

NOTES: 1. The hold time is the actual time interval between two signal events and is determined by the 
system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is guaranteed. 

2. The hold time may have a negative value in which case the minimum limit defines the longest 
interval (between the release of the signal and the active transition) for which correct operation 
of the digital circuit is guaranteed. 


tod Propagation delay time 
The time between the specified reference points on the input and output voltage waveforms with the output 
changing from one defined level (high or low) to the other defined level. (tpg = tpHL or tpLH). 
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tPHZ 


tPLH 


tpLz 


tpZH 


tPZL 


tsr 


tsu 


Propagation delay time, high-to-low level output 
The time between the specified reference points on the input and output voltage waveforms with the output 
changing from the defined high level to the defined low level. 


Disable time (of a three-state output) from high level 
The time interval between the specified reference points on the input and output voltage waveforms with 
the three-state output changing from the defined high level to a high-impedance (off) state. 


Propagation delay time, low-to-high-level output 
The time between the specified reference points on the input and output voltage waveforms with the output 
changing from the defined low level to the defined high level. 


Disable time (of a three-state output) from low level 
The time interval between the specified reference points on the input and output voltage waveforms with 
the three-state output changing from the defined low level to a high-impedance (off) state. 


Enable time (of a three-state output) to high level 
The time interval between the specified reference points on the input and output voltage waveforms with 
the three-state output changing from a high-impedance (off) state to the defined high level. 


Enable time (of a three-state output) to low level 
The time interval between the specified reference points on the input and output voltage waveforms with 
the three-state output changing from a high-impedance (off) state to the defined low level. 


Sense recovery time 
The time interval needed to switch a memory from a write mode to a read mode and to obtain valid data 
signals at the output. 


Setup time 

The time interval between the application of a signal at a specified input terminal and a subsequent active 

transition at another specified input terminal. 

NOTES: 1. The setup time is the actual time interval between two signal events and is determined by the 
system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is guaranteed. 

2. The setup time may have a negative value in which case the minimum limit defines the longest 


interval (between the active transition and the application of the other signal) for which correct — 


operation of the digital circuit is guaranteed. 


Pulse duration (width) | 
The, time interval between specified reference points on the leading and trailing edges of the pulse 
waveform. 
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EXPLANATION OF FUNCTION TABLES 


The following symbols are used in function tables on Tl data sheets: 


H = high level (steady state) 
L = low level (steady state) 
t = transition from low to high level 
7 4 = transition from high to low level 
> = value/level or resulting value/level is routed to indicated destination 
G) ¥\ = value/level is re-entered 
Xx = irrelevant (any input, including transitions) 
< Z = off (high-impedance) state of a 3-state-output 
cm a..h = the level of steady-state inputs at inputs A through H respectively 
= Qo = level of O before the indicated steady-state input conditions were established 
3 Qo = complement of Oo or level of Q before the indicated steady-state input conditions were 
» established 
a = level of Q before the most recent active transition indicated by J! or 7 
=| 


one high-level pulse 


C9 


= one low-level pulse 


TOGGLE = _ each output changes to the complement of its previous level on each transition indicated 
by | orf. 


If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output 
is valid whenever the input configuration is achieved and regardless of the sequence in which it is achieved. 
The output persists so long as the input configuration is maintained. 


If, in the input columns, a row contains H, L, and/or X together with 7 and/or |, this means the output 
is valid whenever the input configuration is achieved but the transition(s) must occur following the 
achievement of the steady-state levels. If the output is shown as a level (H, L, Qo, or Qo), it persists so 
long as the steady-state input levels and the levels that terminate indicated transitions are maintained. 
Unless otherwise indicated, input transitions in the opposite direction to those shown have no effect at 
the output. (If the output is shown asapulse, [ Lor L_J , the pulse follows the indicated input transition 
and persists for an interval dependent on the circuit.) 


3 j 47¢ 
1-12 TEXAS 4 


INSTRUMENTS 


POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


SERIES 1 AND 2 PROMs, RAMs, MEMORY-BASED CODE CONVERTERS 


PARAMETER MEASUREMENT INFORMATION 


FOR THREE-STATE OUTPUTS AND BI-STATE TOTEM-POLE OUTPUTS 


FOR OPEN-COLLECTOR OUTPUTS 


v1 
v2 Vee 
R1 
RL Rut 1 
FROM OUTPUT FROM OUTPUT FROM OUTPUT 
UNDER TEST UNDER TEST UNDER TEST 
G 
fe) 
= = = = S rs) 
LOAD CIRCUIT THEVENIN EQUIVALENT TEST CIRCUIT FOR USE WHEN = 
CIRCUIT RL AND R,2 ARE SPECIFIED _ 
2 
VOLTAGE VALUES rT) 
Vcc c 
MEASUREMENTS o 
RL o 
Roni ms 6.25 V_ | 5.25 V FROM OUTPUT 
Song Mek atid 4.75V | 4.75V UNDER TEST 
tpHz and tpzH C1 (See Note A) 
tPiz and tPZL + 
TEST CIRCUIT FOR USE WHEN 
SINGLE Ry IS SPECIFIED 
133 Q 
tSee Recommended Operating Conditions. 
NOTE A: C, includes probe and jig capacitance. 
TIMING 3V HIGH-LEVEL Tee 3V 
INPUT 1.5V PULSE : 1.5V og? = 
Ce are Tes 9 tw 9! 
it th 
@ toy sees Sethe ap — tw — 3V 
| i 
DATA aeea 15V LOW-LEVEL K15V 15V 
INPUT av PULSE fps sone 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE WIDTHS 
Ti 4 
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SERIES 1 AND 2 PROMs, RAMs, MEMORY-BASED CODE CONVERTERS 


PARAMETER MEASUREMENT INFORMATION 


INPUT 
IN-PHASE 
G) 
© OUTPUT 
- 
@ 
= 
® 
3 OUT-OF-PHASE 
bes | 
=% OUTPUT 
e) 
3 
rs} VOLTAGE WAVEFORMS 
=, PROPAGATION DELAY TIMES 
o 
| 
OUTPUT CONTROL 


(Low-level enabling) 


}¢——tpz_——_> \¢— tpiz al 


| ~ V2 (See Note C) | ~ V2 
WAVEFORM 1 | 
(See Note B) | 

Pree ee ae een VOL 
\¢— tz —> ; 

| fe Se, ee “ 

WAVEFORM 2 OH 

(See Note B) | 


| 
\+-— tPHZ — =O0V 
(See Note C) 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 


NOTES: B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. Tl normally measures tp, 7 and tpyz by reading at the 1.5-volt (V;) point on the waveform and subtracting the RC time from 

the reading. 


For tp_z, RCin V4 =, “OL mex 


is subtracted from the reading. 


V2 — Vt 
For tpyz, RCin Voumin is subtracted from the reading. 
Vt 
D. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 
E. All input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zoyt = 500, tr < 2.5 ns, 
te <= 2.5 ns. 
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SERIES 3 PROMs 


PARAMETER MEASUREMENT INFORMATION 


Vcc 
S1 . Vcc 
R1 R1 1 
FROM OUTPUT TEST FROM One. 
UNDER TEST POINT UNDER TEST 
R2 = 
, el 
(See Note A) (See Note A) | = 
LOAD CIRCUIT FOR LOAD CIRCUIT FOR 2 
THREE-STATE OUTPUTS OPEN-COLLECTOR OUTPUTS = 
RESISTOR VALUES © 
io MAXT [Air | Rat 2 
2008 | 4000 o 
240.0 | 480.0 o 
| sma | 6002 | 1.2k9 
tSee Recommended Operating Conditions. 
*Unless otherwise specified. 
NOTE A: Cy includes probe and jig capacitance. 
TIMING Ah Seaver Ne 3V 
INPUT K15V we PULSE M15V 15V% aS 
SE Swe eh oe ae ne ! ' 
ee ty —e 
¢ ts, BE th > - 
—+---—3Vv Soe See 3V 
DATA 15V 15V LOW-LEVEL K15V  15V 
INPUT OV PULSE le en nee ae OV 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE WIDTHS 
—masam ae BY 
3V 
INPUT 1.5V 1.5V OUTPUT 
l | ov CONTROL 1.5V f15V 
| t (low-level fas ao Wav dae enc Sal 0.3V 
tPLH-j¢——> | Sass enabling) tpz, om —ol @tpLz 
IN-PHASE | : oY ON tt tt 
euTROT 1.5V 1.5V | ‘& ~3.5V 
| | y WAVEFORM 1 I | 
" | OL | 
t $1 CLOSED 
PHL—1¢———> ¢———+- tPLH (See Note B) - 
| | VOH 
OUT-OF-PHASE 
OUTPUT 1.5V 1.5V WAVEFORM 2 
—<—— VoL $1 OPEN 
(See Note D) (See Note B) 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 
NOTES: B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. All input pulses have the following characteristics: PRR < 1 MHz, ty = ts = 2 ns, duty cycle = 50%. 
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 
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SERIES TIBPAL’, PAL’, TIFPLA DEVICES 


PARAMETER MEASUREMENT INFORMATION 


7V 
Vec L Ry =R1=R2 
$1 
7 FROM OUTPUT TEST RL 
sieat E FROM OUTPUT TEST 
UNDER TES OINT UNDER TEST POINT R1 
CL Ri FROM OUTPUT TEST 
Q) (See Note A) CL UNDER TEST POINT 
oS (See Note A) CL R2 
@ (See Note A) 
= + = 
2 
3 LOAD CIRCUIT FOR af 
So BI-STATE LOAD CIRCUIT FOR LOAD CIRCUIT FOR 
5 TOTEM-POLE OUTPUTS OPEN-COLLECTOR OUTPUTS THREE-STATE OUTPUTS 
© 
= 
(o) NOTE A: Cy includes probe and jig capacitance. 
a 
TIMING 3.5V HIGH-LEVEL So 
INPUT 1.3V PULSE 1.3V 1.3V , py 
ete. 0.3V e te 3V 
i@ t,,, of th e— ty —? 
DATA wir 389 ! ™ 3.5 V 
0.3V PULSE —_——— 03V 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE WIDTHS 
——-——--— 3.5V 
OUTPUT 
INPUT 1.3V | 1.3V CONTROL 
i i 0.3V (low-level 
@tPLHe @tPHL enabling) 
| Poy aon 
IN-PHASE 
OUTPUT abel ay WAVEFORM 1 
VOL S1 CLOSED 
@tpHL > M@tpLH (See Note B) 
i Vv 
! | OH 
Bee eee tase 1.3V 1.3V WAVEFORM 2 
1S BOL 
(See Note D) (See Note B) 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 
NOTES: B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. All input pulses have the following characteristics: PRR < 1 MHz, t; = t¢ = 2 ns, duty cycle = 50%. 
D. When measuring propagation delay times of 3-state outputs, switch $1 is closed. 
U 
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ORDERING INFORMATION 


RAM AND MEMORY-BASED CODE CONVERTERS NUMBERING SYSTEM 
AND ORDERING INSTRUCTIONS 


Electrical characteristics presented in this data book, unless otherwise noted, apply for circuit type(s) listed 
in the page heading regardless of package. the availability of a circuit function in a particular package is denoted 
by an alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to 
mechanical outline drawings shown in this section. 


am) 


Factor orders for circuits described in this catalog should include a four-part type number as explained in the 
following example. 


EXAMPLE: SN 54LS189A J -00 


Prefix 


Must contain two to four letters 


SN = Standard Prefix 


S 
2 
~ 
4°) 
& 
en 
o 
[oud 
= 
14°] 
te 
® 
¢ 
® 
© 


Unique Circuit Description 


Must contain four to eight characters 


Examples: 
7489 
54185A 
74LS319A 
54S189B 


Package 


Must contain one or two letters 


J, JD, JT, JW, N, NT, NW (Dual-in-line packages)‘ 
(From pin-connection diagram on individual data sheet) 


instructions (Dash No.) 


Must contain two numbers 


— 00 No special instructions 
— 10 Solder-dipped leads (N and NT packages only) 


T These circuits in dual-in-line packages are shipped in one of the carriers shown below. Unless a specific method of shipment is specified 
by the customer (with possible additional costs), circuits will be shipped in the most practical carrier. Please contact your TI sales 
representative for the method that will best suit your particular needs. 


Dual-in-line (J, JD, JT, JW, N, NT, NW) 


— Slide Magazines 

— A-Channel Plastic Tubing 
— Barnes Carrier (N only) 
Sectioned Cardboard Box 
Individual Plastic Box 


| 
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ORDERING INFORMATION 


PROM NUMBERING SYSTEM AND ORDERING INSTRUCTIONS 


To complement Texas Instruments continually expanding line of bipolar PROMs, a new numbering system is 
being implemented. This system provides the user with information regarding the generic programming family, 
bit density, organization, temperature range, and the size and type of package without the necessity of looking 
up this information in tables. Below is a guide for use of this new numbering system. 


Factory orders for PROMs described in this book should include a type number as explained in the following 
example. 


') 
S These two digits 
@O comprise the 
ay series designation 
— EXAMPLE: TBP 2 S SA 8 6 M J 
ee phe 
2) , 
= Prefix Package Type 
3 TBP = standard prefix J,JT,JW = ceramic dual-in-line 
A MBP = MACH IV N,NT,NW = plastic dual-in-line 
(©) SNM processing FH, FK = ceramic chip carrier 
> CPB = MIL-STD-883B re FN = plastic chip carrier 
vendor-equivalent 
: Product 
SNC processing . 
Versions? 
JBP = JEDEC standard 
MIL-STD-883B Temperature Range 
SNJ processing No designator (commercial) O°C to 70°C 
M —-56°C to 125°C 
tSee TI publication CB233A for detailed 
explanation and processing flow diagrams. 
Package Size* 
Row Spacing in 
Inches (Millimeters) 
Generic Programming Family No. of 0.300 0.400 0.600 
Pins (7,62) (10,16) (15,24) 
Output Word Width 
Output Type 
S = standard three-state 
L = low-power three-state 
R = registered three-state 
SA = standard open-collector 
LA = low-power open-collector +Package-size designation is not applicable with chip 
RA = registered open-collector carrier (FC, FE, or FN), and should be replaced with 
SR = shadow register the letter X for this package type. 
Bit Complexity 
03 = 256 bits 
1 = 1,024 bits 
2 = 2,048 bits 
4 = 4,096 bits : 
8 = 8,192 bits 
16 = 16,384 bits 
32 = 32,768 bits 
wy 
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ORDERING INFORMATION 


PAL® NUMBERING SYSTEM AND ORDERING INSTRUCTIONS 


Factory orders for leadership PAL® circuits described in this catalog should include a nine-part type number 
as explained in the example below. Exclude the prefix when ordering standard PALs. 


EXAMPLE: TIB PAL 16 R S§ -15 C¢ N 


1 


Prefix 
Tl Bipolar Leadership 
PAL Circuit Designator 


Product Family Designator 


Input Register Type 


No Designator = No Input Register 
R D-Type Register 
T = Transparent Latch Register 


General Information 


Number of Array Inputs 


Output Configuration Designator 


R = Registered 
L = Active Low 
X = Exclusive-OR 


Number of Outputs in the 
Designated Configuration 


Performance Designator 


HIGH SPEED LOW-POWER 
A A-2 
-15 -25 


Temperature Range 


-C = Commerical (0°C to 70°C) 
M = Military (-55°C to 125°C) 


Package Type 


N = 20-Pin Plastic DIP 

J = 20-Pin Ceramic DIP 

NT = 24-Pin, 300-mil Plastic DIP 
JT = 24-Pin, 300-mil Ceramic Dip 
JW = 24-Pin, 600-mil Ceramic DIP 
NW = 24-Pin, 600-mil Plastic DIP 
FN = Plastic Chip Carrier 

FH, FK = Ceramic Chip Carrier 


PAL is a registered trademark of Monolithic Memories Inc. 
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General Information 
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HARDWARE MANUFACTURERS 


Citel 

3060 Raymond St. 
Santa Clara, CA 95050 
(408) 727-6562 


HARDWARE/SOFTWARE MANUFACTURERS 


ADDRESS FOR PAL AND FPLA PROGRAMMING AND SOFTWARE MANUFACTURERS * 


Structured Design 

1700 Wyatt Dr., Suite 7 
Santa Clara, CA 95054 
(408) 988-0725 


T 


DATA 1/O Sunrise Electronics 5 
10525 Willows Rd. 524 S. Vermont Avenue = 
Redmond, WA 98052 Glendora, CA 91740 = 
(206) 881-6444 (213) 914-1926 3 
gece 

DIGITAL MEDIA Valley Data Sciences £ 
3178 Gibralter Ave. 2426 Charleston Rd. os 
Costa Mesa, CA 92626 Mountain View, CA 94043 D 
(714) 751-1373 (415) 968-2900 5 

© 
Kontron Electronics Varix 
630 Price Avenue 1210 Campbell Rd. 
Redwood City, CA 94063 Richardson, TX 75081 
(415) 361-1012 (214) 437-0777 
Stag Micro Systems Wavetec/Digelec 
528-5 Weddell Drive 586 Weddel Dr. Suite 1 
Sunnyvale, CA 94086 Sunnyvale, CA 94089 
(408) 745-1991 (408) 745-0722 
Storey Systems 
3201 N. Hwy 67, Suite H 
Mesquite, TX 75150 
(214) 270-4135 

SOFTWARE MANUFACTURERS 
Assisted Technologies (CUPL) Monolithic Memories Inc. (PALASM) 
2381 Zanker Road, Suite 150 2175 Mission College Blvd. 
Santa Clara, CA 95050 Santa Clara, CA 95050 
(408) 942-8787 (408) 970-9700 
DATA 1/0 (ABEL) 
10525 Willows Rd. 
Redmond, WA 98052 
(206) 881-6444 
*Texas Instruments does not endorse or warrant the suppliers referenced. Presently, Texas Instruments has certified DATA |/O, Sunrise, 
Structured Design and Digital Media. Other programmers are now in the certification process. For a current list of certified programmers, 
please contact your local TI sales representative. 
ty 
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HARDWARE/SOFTWARE MANUFACTURERS 


ADDRESS FOR PROM PROGRAMMING AND SOFTWARE MANUFACTURERS* 


HARDWARE MANUFACTURERS 


Citel 

3060 Raymond St. 
Santa Clara, CA 95050 
(408) 727-6562 


1 


Sunrise Electronics 

524 S. Vermont Avenue 
Glendora, CA 91740 
(213) 914-1926 . 


@) DATA 1/0 Valley Data Sciences 
- 10525 Willows Rd. 2426 Charleston Rd. 
- Redmond, WA 98052 Mountain View, CA 94043 
- (206) 881-6444 (415) 968-2900 
ce. 
o DIGITAL MEDIA Varix 
3 3178 Gibralter Ave. 1210 Campbell Rd.. 
D Costa Mesa, CA 92626 Richardson, TX 75081 
= (714) 751-1373 (214) 437-0777 
~ Kontron Electronics Wavetec/Digelec 
630 Price Avenue 586 Weddel Dr., Suite 1 
Redwood City, CA 94063 Sunnyvale, CA 94089 
(415) 361-1012 (408) 745-0722 
Stag Micro Systems 
528-5 Weddell Drive 
Sunnyvale, CA 94086 
(408) 745-1991 
SOFTWARE MANUFACTURERS 
Assisted Technologies (CUPL) Monolithic Memories Inc. (PLEASM) 
2381 Zanker Road, Suite 150 2175 Mission College Blvd. 
Santa Clara, CA 95050 Santa Clara, CA 95050 
(408) 942-8787 (408) 970-9700 
DATA 1/O (ABEL), (PROMLINK) 
10525 Willows Rd. 
Redmond, WA 98052 
(206) 881-6444 
*Texas Instruments does not endorse or warrant the suppliers referenced. Presently, Texas Instruments has certified DATA I/O. Other 
programmers are now in the certification process. For a current list of certified programmers, please contact your local T! sales representative. 
: 4s 
1-22 TEXAS 


INSTRUMENTS 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


General Information 


Functional Index 


Field-Programmable Logic 


RAMs and Memory-Based : 
Code Converters 


Designing with Texas Instruments 
Field-Programmable Logic 


Mechanical Data 
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FUNCTIONAL INDEX 


GATES AND INVERTERS 


POSITIVE-NAND GATES AND INVERTERS 


DESCRIPTION TYPE 


Hex 2 Input Gates 


Quadruple 2 Input Gates 


Triple 3-Input Gates 
Dual 4-Input Gates 


°o 


° 
°o 


‘2 
2 


8-Input Gates 


Ww 
o 


= 
W 
Ww 


13-Input Gates 


Dual 2-Input Gates ‘ 


@ 
° 
°o 
w 


DESCRIPTION ae 


Hex Inverters 


Quadruple 2-Input Gates 


Triple 3-Input Gates 4 
Dual 4-Input Gates : 


DESCRIPTION 


=~ 
+ 
é 


~ 
S < 


NO 


N 
NR 


| Hex 2-Input Gates 


CF Denotes contact factory 

@ Denotes available technology. 

A Denotes planned new products. 

~ A Denotes ‘’A’’ suffix version available in the technology indicated. 
B Denotes ‘‘B’’ suffix version available in the technology indicated. 
S Denotes supplement to data book. 


POSITIVE-AND GATES WITH OPEN-COLLECTOR OUTPUTS 


TECHNOLOGY 
STD 
DESCRIPTION TYPE ALS jis} s 


Quadruple 2 Input Gates 


Triple 3-Input Gates 


DESCRIPTION 
= 


Hex 2-Input Gates 


‘32 
Quadruple 2-Input Gates 


DESCRIPTION 


Hex 2-Input Gates 


[08 _| 
‘02 
Quadruple 2-Input Gates 
‘1002 
mal 


Triple 3-input Gates 


Dual 4-input Gates with Strobe 
Dual 5-Input Gates 


Dual 4-Input Positive-NAND 78 ] 
Triple 4-Input Positive-NAND | 618 | 


Quadruple 2-Input Positive- NAND 


DESCRIPTION 


DELAY ELEMENTS 


DESCRIPTION 
Inverting and Noninverting Elements, 31 
2-Input NAND Buffers 


ve Pees vere 


Be 


‘ 
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FUNCTIONAL INDEX 


/ 


GATES, EXPANDERS, BUFFERS, DRIVERS, AND TRANSCEIVERS 


AND-OR-INVERT GATES GATES, BUFFERS, DRIVERS, AND BUS TRANSCEIVERS 
TECHNOLOGY WITH 3-STATE OUTPUTS 
ST 
mcm |r FT a ol [ri 


2:Wide 4- 12:Wide 4-Input 


4 Wide 4.2-3-2 Input yp et 
4-Wide 2-2-3-2 input Ree OS SS SS SE aS 2 
fawide 2.input | sate] {| | | |_ 
fawide 2-3-32men | sa] | |_| [ele] | 
[Dual 2Wide 2inout | site] | lelelele, 


AND-OR-INVERT GATES WITH OPEN-COLLECTOR OUTPUTS 


TECHNOLOGY 
STD 
DESCRIPTION TYPE Sm Tas |as|s | VOLUME 


4-Wide 4-2-3-2-Input Ss es RSE ts eee 


EXPANDABLE GATES 


| ss TECHNOLOGY 
STD 
DESCRIPTION TYPE TTL ALS LS | VOLUME 


Dual 4-Input Positive-NOR 193 Ge 
With Bi 


eet ett 
wide AND-ORINVeRT | s5]___| | lelele| 
[Dual 2-Wide AND-ORINVERT [| sole | | le] | | 


DESCRIPTION 


Noninverting 
Octal Buffers/Drivers 


inverting Octal 
Buffers/Drivers 


EXPANDERS 
| TECHNOLOGY Octal Transceivers 
$sTD 
DESCRIPTION TYPE rye VOLUME 
eer mee | Noninverting 
Triple 3-Input Hex Buffers Drivers 
3-2-2-3-input AND-OR 


Inverting 

Hex Buffers/Drivers 
| ‘TECHNOLOGY 
amoooes Quad Buffers/Drivers 
with Independent 
Output Controls 


Noninverting 
Quad Transceivers 
Hex Inverter 
inverting 

Quad Transceivers 


Quad Transceivers with Storage 


12-Input NAND Gate 
Controller and Bus Driver 
for 8O80A System 


50-OHM/75-OHM LINE DRIVERS 


Quad 2 Input Positive NAND 


TECHNOLOGY 
STD 
DESCRIPTION TYPE sre | ats as | is us| 's| VOLUME Hex 2-Input Positive-NAND see} ys | 8 t_ 
Hex 2-Input Positive-NOR ee Te 
Gaiesns L743 fat {| cr | — [Hex input Positve-aNO—=~s~=‘d wos] de fe] |lC 
Saicairleed Grease as a BS EES Hex 2-input Positive OR «dt gate | 8 
Magee yt 25-b = Oe a Quad 2-Input Positive NOR Rr oe SS Se SE 


inverting Octal iJ ea BCS eat Be 
Stare Benet Sl al ae EE ES ee 


es 

Inverting and Noninverting ania | | ote 
Octal Buffers Drivers 

bien oem brea] ttt 

Inverting Quad Transceivers Bol 5 ee ea TE 


Dual 4-Input Positive-NAND 


CF Denotes Contact Factory 

@ Denotes available technology. 

A Denotes planned new products. 

€ Denotes very low power. 

A Denotes ‘‘A”’ suffix version available in the technology indicated. 
S Denotes supplement to data book. 
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FUNCTIONAL INDEX 


BUFFERS, DRIVERS, TRANSCEIVERS, AND CLOCK GENERATORS 


BUFFERS, CLOCK/MEMORY DRIVERS 


Hex Buffer 
Quad 2-Input Positive-NAND 


Quad 2-input Positive-NOR 


i008 | es 
eet et to 
Guad Zinput Posnveand | soe] |afe| | | 
Tauad 2inpur PositiveoR | 10sz |_| A]e] | | 
[Triple 3-input PositiveNAND | 1010 | [| a} | | | 
[Triple G-input Positive AND [1011 | | a] | || 


Triple 4-Input OR-NOR 


Dual 4-input Positive-NAND ee | 
Line Driver/Memory Driver 
with Series Damping Resistor 
Line DriverMemory Oriver | 437 | | | | | lel 


BI-/TRI-DIRECTIONAL BUS TRANSCEIVERS AND DRIVERS 


TYPE TECHNOLOGY 
F 
DESCRIPTION : TYPE LS VOLUME 
OUTPUT 


uaa with Bn Dvection | 3Stae | aes] [| |e] _| 


| oc | 440 | 
2a ROE ee Es SS 
| 3State | 442] | fe | 


Quad Tridirection 


TECHNOLOGY 
STD 
DESCRIPTION TYPE rT ALS LS VOLUME 
Inverting Outputs, 3-State ae 


| Se ene 


DESCRIPTION 


Inverting Outputs 
Input Resistors : . ; 
Noninverting Outpuis 


Inverting Outputs ‘2540 
Output Resistors - cd . | 2540 | 
Noninverting Outputs ‘2541 


CF Denotes contact factory 
® Denotes available technology. 
A Denotes planned new products. 


A Denotes ‘’A”’ suffix version available in the technology indicated. 


S Denotes supplement to data book. 


OCTAL BI-/TRI-DIRECTIONAL BUS TRANSCEIVERS 


DESCRIPTION 
3 


¥ 


12 mA 24 mA 48 mA 64 mA 
Sink, True Outputs 


Very Low 


Power 


12 mA 24 mA 48 mA 64 mA 


Sink, Inverting Outputs 


12 mA 24 mA 48 mA 64 mA 


Sink, True Outputs 


12 mA 24 mA 48 mA 64 mA 


Sink, inverting Outputs 


12 mA 24 mA 48 mA 64 mA 
Sink, True and 


inverting Outputs 


Registered with Multiplex 
12 mA 24 mA 48 mA 64 mA 


True Outputs 


Registered with Multiplexed 
12 mA 24 mA 48 mA 64 mA 


inverting Outputs 


Universal Transceiver 
Port Controllers 


4 
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2c rental 
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Foc. a sie | vea0] | |_| 
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ower 


TYPE TECHNOLOGY 
OF 
TYPE | ALS Ls 
OUTPUT 


x 
© 
a] 
5 
CS 
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FUNCTIONAL INDEX 


FLIP-FLOPS 


DUAL AND SINGLE FLIP-FLOPS QUAD AND HEX FLIP-FLOPS 


n 
c 
S 
Q 
=. 
2) 
3 
= 
| 
o. 
© 
x 


DESCRIPTION 


Dual J K Edge Triggered 


Dual Pulse Triggered 


Single Pulse Triggered 


Single J K Edge Triggered 


Dual J K with Data 
Lockout 

Single J K with Data 
Lockout 


TYP 


° oOl~ninIN 
N ~N WL DID wl m 


1% 
73 


= 
= 
Ww 


‘107 


—< 
n 


~ SIN Sw} NI NIL O ~ 
7 Nl— WIM) wir So 


DESCRIPTION 


DESCRIPTION 


True Data 


Octal 


ae 
Inverting with Clear Octal 
Inverting with Preset} Octal 


i 
Pnvertng | cua 
Tue 


Pinvering «dt 


OUTPUTS 


OUTPUT 


3 State 


3 State 


2 State 


3 State 
3 State 
3 State 
2 State 
3 State 
3 State 
3 State 
3 State 
3 State 
3 State 
3 State 
3 State 
3 State 
3-State 


TYPE 
‘174 


= =|w 
~ ~sIlN 
uo —|@ 


wl rS}w 
Swi™NwIT™N 


o 


ST 
TYPE 


7a | 


rc 


are 
ara 
are 
ear 
534 
564 
576 
377 
a7 
376 
825 | 
826 | 
823 | 
328 | 


4 


fi_ 


WILD) a] MD) oO] ~~ 


a ET ESC BE 
Pinvertng [1080 | 3 Stare [82 


Db 


NR 


CF Denotes contact factory. 

® Denotes available technology. 

A Denotes planned new products. 

A Denotes *’A”’ suffix version available in the technology indicated. 
B Denotes ‘’B’’ suffix version available in the technology indicated. 
S Denotes supplement to data book. 
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FUNCTIONAL INDEX = 


LATCHES AND MULTIVIBRATORS 


QUAD LATCHES 


| TECHNOLOGY 
Se 
DESCRIPTION OUTPUT TYPE TTL LS| VOLUME 


Dual 2 Bit | 2Stae [| 75fe ft | tele 
Tiakapesesh Ese a ee A 


DESCRIPTION TYPE FT as as]us] VOLUME 
Single od 
Le |e! 


D-TYPE 


Octal 


Transparent True 
9-Bit 


Transparent Noninverting 

10-Bit 
Transparent with Clear 

Octal 
True Outputs 


990 
92 
94 
oa 
92 
Inverting Outputs 


CF Denotes contact factory. 
@ Denotes available technology. 
_ A Denotes planned new products. 
S Denotes supplement to data book. 
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OCTAL, 9-BIT, AND 10-BiIT LATCHES 


| TECHNOLOGY 
DESCRIPTION a OUTPUT | TYPE rnc [488] 48] ts 8 so VOLUME 
rises onal i 
Transparent Octal sie 373 cumecer 
| 3State | '573| | ele! | | 


ee 4 Bit [asin 100s Seren 
ee 8 oc) [osu [rete] | | | | 
anes rss e7s| tefel || 


Inverting Transparent} Octal rasa | o03) 
Dual 4 Bit 

Octal 3-State 80 
Inverting Transparent 


ae 4 

bse. 

| 

aunt aaa | 

2 Input Multiplexed Octal | oc | 605] 
Set 

Bee 

Wd 

ae 


Addressable 2 State 


Eoecitlfert site's 
fee oes [asa Poe | fa fot 
sas Leek CA SE 
fue | en | ost f eas] tafe] |] 3% 
invering Pepe eeee er ia pened as 
a Posr | Sse] er} falel | | 

Fnvering | oe | 3ste ea2] tafe] | _ 


MONOSTABLE MULTIVIBRATORS WITH SCHMITT-TRIGGER INPUTS 


DESCRIPTION TYPE 


Functional Index 
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FUNCTIONAL INDEX 


REGISTERS 


SHIFT REGISTERS 


NO. | MODES | TECHNOLOGY 
DESCRIPTION OF ~|2)9] TYPE | sto 
nS = 3 2 TTL ALS L LS VOLUME 
| Sign-Protected | | x] [x[x | szat oT [TT Jal | 
Ea Ede oe a ae 
Parallel-in, F<] xf xf | 290 Fp} $f 2 
Parallel-Out, Men SS Se ee 
Bidirectional ffx] xf | aan PF ft tet fe 
a SS et Pe Se 
+ fxfefacfe | vee PT fa Pet 2 
Sa es BS is 
Parallel-tn, 
coos Wee ela ca cal le 
Registered 
ee ble] | | TT fet | 
RE RE SECIS TS a 
RA Se Oe ee ee as 
x} [ef | os A+ 4444+ 1 2 
GE SRLS 2h ie RS 
Parallel, ethbtet et TTT | 
Parallel Out ERE 1X 184 ret 6 fle def -.2 
3 AS a ia a Se PO oe gs ss 
ra] [x] | Poh S52 Fa es 
Babes BR Oe Se 5S a 
13 Ot ED LS aad Se 
Hx} [x] | 298 4-4} 444-2 
SUA SER AS SS Fake ee es 
es (Ls Ea es 
su ee 1 @ Ged eg ore ES ao 
Ne ee eae 
Parallel-in, x] fx [x | 95 pnal hee dead 
Sea Pat ae eet 
Pl Pepe | se Ff 4 
ee ee Pp | 
ent eae SS 2 2 ED Es SH Ps 


DESCRIPTION 


Parallel-In, Paraliel-Out 
with Output Latches 


‘6 


~~ 
Wilh] — 


Serial-in, Parallel-Out 
with Output Latches 


Parallel-In, Serial-Out, 
with Input Latches 
Parallel 1/O Ports with 
Input Latches, Multiplexed 


ee 
EAE 
Wis PELE 
BH Ee 9 
[soa] | 
Gas Bel 2 
ee) a eS 
a RT 
ee? hy ee 


Serial Inputs 


®@ Denotes available technology. 
A Denotes planned new products. 


A Denotes ‘’A’’ suffix version available in the technology indicated. 
B Denotes ‘’B’’ suffix version available in the technology indicated. 


S Denotes supplement to data book. 


SIGN-PROTECTED REGISTERS 


NO. 
= tcf)" [as| os] wf ME 
BITS s|a|3| g 
[Sian ProvecteaRegarer | 8 [x] [xx [oat | [a] 2 


REGISTER FILES 


TECHNOLOGY 
STD 
DESCRIPTION output | TYPE ST | ats] as] 1s | 


Pa Words x26 ———=«d? State | a |e | 
Neda dee ee 
Paste [670] | | |e] 
eer eerie Es ee wea 
Pastel e71] [| [al] 


OTHER REGISTERS 


DESCRIPTION 


Quadruple Multiplexers 


DESCRIPTION 


with Storage 


8 Bit Universal Shift 
Registers 


Quadruple Bus Buffer 


Registers 


Be oe 
se 
ee as 
S 
1s 
fe 
Beh 2 toe 
eee 
ae 
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FUNCTIONAL INDEX = 


COUNTERS 


ASYNCHRONOUS COUNTERS (RIPPLE CLOCK) — NEGATIVE-EDGE TRIGGERED 


SYNCHRONOUS COUNTERS — POSITIVE-EDGE TRIGGERED 


P Syne _| pep EY 
Decade Rate pS DESCRIPTION ao : 
Multipler, Set-to-9 = 
Tol soa GC Os ee ae Ee Paral Register Beet tte =. 
Outputs es es r 
Sty arerreeeeey es es c 
4 Bit Binary [ParaielvO—=s=C*~*‘“‘“‘CN~#C‘*d;C State: [503] | fe re) 
— 
dad 
FREQUENCY DIVIDERS, RATE MULTIPLIERS Oo 
ie 
oe 
LL 
4-Bit Binary 
6 Bit Binary <a 
Rate Multiplier, N2 
A R 7 
8-Bit Up/Down 
EE 
CF Denotes contact factory. 
@ Denotes available technology. 
A Denotes planned new products. 
A Denotes ‘’A”’ suffix version available in the technology indicated. 
B Denotes ‘’B’’ suffix version available in the technology indicated. 
S Denotes supplement to data book. 


Bota ws 
Sync AHS 
ae a EE ea 
j async 190 F-*—f Ft fe tt 
Tees PCR TS ie ee BER 
_| Decade Up/Down pas Pe tt 
‘ABET. > 32 Sake 8 Bens We gee 


PARALLEL ae On eS 
DESCRIPTION TYPE} STD VOLUME 
LOAD su LS 


A a 
ee 8 LY i ad Sa 


eet to Seo iee 
Syme i wee ees 
cies eS 
Eye 5. Sh! OE a a Ss eee 
| 3 290 
psc Pose et Pa ere eee 
PSyac [eso | re) aE 
BTA Sy ee ed : 4-Bit Binary Peter te 
Yves | et] © |] 
293 ide See ie BF 
ei ae Be 


Cee Gs SO a SS 
Panes Tamir thee 
Ova nar arene’ | None [sea] e [| [tel] 


[Oval Decade | Decade 
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FUNCTIONAL INDEX 


DECODERS, ENCODERS, DATA SELECTORS/MULTIPLEXERS AND SHIFTERS 


DATA SELECTORS/MULTIPLEXERS DECODERS/DEMULTIPLEXERS 


TYPE TECHNOLOGY 
re < founmun | Loe ee |e eT im [Avs as « [os |= [vou 
Pe SS Een ae ee ee BS as ret SD Se SS 
aes [3state [250] | jet |] | 159 | 
ee a aeee 3S Lt ee 
| 3-State | State CL eee Sa E : 2 
Te UR Cs LE ie ee a oe cee 
Pe }2stae [rs FA 4 8 8 4-To-10 Excess 3-Gray ihe Gat 
) St SiC SS es ee To-Decimal 
| Sa SSE tee ee a EP ae 
3-State ‘251 Se ee a eS Latches ‘ 
8To:1 BRIE 2: Pee 3 
ES Bee aR 1 eS | 
p2-State [ass]: | | |e | 
Fastare [3s6| | | | [el] 2 
TGS ke EN a ee Be 2 
pan [PEt 
Pl Piet eee a 
es 
Bes [pws GR EMER 4345 BENE SEs 
o spate te et beget CODE CONVERTERS | 
) jastae |'388}-—}- <2 Ss eee TECHNOLOGY 
7S. Pape eieteped o Ec ae 
Se D: fssiae [eos] | [| fel ni i 
Rt os cr ris wee eee | Re | 
3 SLICER 2S ee Pa Ps 2a BCD 9's/BCD 10's Converters 
oe oe tt tt 6-Bit-Binary to 6 Bit BCD Converters 
; me — ect. {ra cee pepe. e BCD-to-Binary Converters : 
* ; 2-State ‘298 Binary-to-BCD Converters 
Quad 2 To 1 with Storage MBS GAS ee as eee 
|2State |'398] | | | Je} | 
ETT ES ae a SS =k 
ow [rset et et 
aon: [teats yed Perera 1 “tan | 
: Quad 2-To-1 . 
| aedgy es ae Gas a 9 Co mee re 
? wt Pe bh AC) Oe Pee eet) er: - | Cascadable Octal with 3-State Outputs 
js ste |'2s8 4 + +2 fp 2 4-Bit Cascadable with Registers 
PT pA beg ohee ac 
6 to 1 Universal 
3 State ‘857 
feo) pee fr fe 
DESCRIPTION 
Pape Shiner | ase [aso] | 
Parallel 16-Bit 
Multi-Mode 3 State ‘897 
Barrel Shifter f ’ 
, 
* 
CF Denotes contact factory. 
@ Denotes available technology. 
A Denotes planned new products. 
A Denotes *‘A’’ suffix version available in the technology indicated. 
B Denotes ‘’B”’ suffix version available in the technology indicated. 
S Denotes supplement to data book. ; 
: 88. 
T i] 
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| FUNCTIONAL INDEX 


DISPLAY DECODERS/DRIVERS, MEMORY/MICROPROCESSOR CONTROLLERS, 
AND VOLTAGE-CONTROLLED OSCILLATORS 


OPEN-COLLECTOR DISPLAY DECODERS /DRIVERS MEMORY / MICROPROCESSOR CONTROLLERS 
OFF-STATE 
DESCRIPTION OUTPUT |TYPE | STD 
VOLTAGE TT 
Transparent, 
4 romicgy Burst Modes 
conta as #4 
Controllers 
Burst Modes | 64K 


Memory Cycle Controller 


Memory Mappers 


Memory Mappers 


With Output Latches oc 
Multi Mode Latches (8080A Applications) 


BCD To-Seven-Segment 


CLOCK GENERATOR CIRCUITS 


xsomnon | aati 
DESCRIPTION TYPE SP las|as les | | 
ALS LS 
TTL 
oP ea Sd eae oe: 
Logic Elements 
Dual Pulse Synchronizers/Drivers : 
BCD Counter/4-Bit Latch/BCD-To-Decimal gh yc sep Sa aaah 
Decoder/Driver 
BCD Counter/4-Bit Programmable Frequency 
Latch/BCD-To-Seven-Segment — Dividers Digital Timers 
Decoder/Lad Driver Triple 4-Input AND NAND Drivers 
BCD Counter/4-Bit Triple 4-Input OR NOR Drivers 
Latch/BCD-To-Seven-Segment Dual VCO 
Decoder/Lamp Driver 
TYPE VOLUME 
LS 
> ee eae 
RESULTANT DISPLAYS USING ‘46A, ‘474A, ‘48, ‘49, ‘L46, ‘L47, ‘LS47, ‘LS48, ‘LS49, ‘LS347 
m4, ae —s 
ae | fs] 
0 1 2 3 4 5 6 7 8 9 1G) 44 12 2 4 
RESULTANT DISPLAYS USING ‘246, ‘247, ‘248, ‘249, ‘LS247, ‘LS248, ‘LS249, ‘LS447 
sal ie 
bs Bo 
0 1 2 3 4 5 6 7 8 9 ee 12. 43.74 
RESULTANT DISPLAYS USING ‘143, ‘144 
Or.54 Po ee Me ee eT oe 
®@ Denotes available technology. 
A Denotes planned new products. 
A Denotes ‘‘A’’ suffix version available in the technology indicated. 
43 | 
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i , a * “Se een re Tee a ’ iad 2 Sea sn ae Fee | = 7 
4 7 4 é ie Se ea Pea ee et ae ie 


Functional Index 


oe es 
Re, ae ie 
7 : 
let 
coe? 
i rey 
<s 
7 
Ain 93 
Pity 
~ 


oer en pats Rie ge ae this: 


=> 4 
- 


oy 


eens, = eiedy 


oN AP w 


FUNCTIONAL INDEX 


4-BIT COMPARATORS 


TYPE ee 
TTL 


Talo enon 
fee | 


aS SNe ee ae 


COMPARATORS AND ERROR DETECTION CIRCUITS 


VOLUME 
LS 


PARITY GENERATORS/CHECKERS, 
ERROR DETECTION AND CORRECTION CIRCUITS 


TECHNOLOGY 
DE 
SCRIPTION TYPE | STD ALS Ls VOLUME 
sos TTL 


100 2 


Odd/Even Parity 
Generators/Checkers 


3 2 Ss 
; ES EES Se 
Mee a BSE 
; 20 kit ep Se ES as et 
a wee PSeSEE pp 
YS RACE PSS. eae ee ert potter a 
| IS SRC ch a Ee I ES 
Pves__[ 519 | Paste | a2 | es2}- | al | 14 
eS St Si oon Foe Sea Ee ES EP Se fp oc [se Peso Pa ce 
eiacies [ve fre [ase [nef | 3-State | 32 [634] | a] | | | 
wT | roc [32 | es] | al [1 
. 
SR 
me 
mo 
9 
ry) 
ae 
—_ 
= 
x oh 
@ 
x 
OUTPUT | LATCHED 
ENABLE OUTPUT 
eh 
r [ves 
ca 
CF Denotes contact factory. 
@ Denotes available technology. 
A Denotes planned new products. f 
S Denotes supplement to data book. 
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FUNCTIONAL INDEX 


ARITHMETIC CIRCUITS AND PROCESSOR ELEMENTS 


PARALLEL BINARY ADDERS OTHER ARITHMETIC OPERATORS 


TECHNOLOGY 
DESCRIPTION TYPE 
oe _ DESCRIPTION 
Serie oe 
Gates with Totem-Pole 
Outputs 


ee te | 
aoe Quad 2-Input Exclusive-OR 
Gates with Open-Collector 
Outputs 
Quad 2-input Exclusive- : 


Dual 1-Bit Carry-Save 
Quad 2-input Exciusive-NOR 


ACCUMULATORS, ARITHMETIC LOGIC UNITS, 
LOOK-AHEAD CARRY GENERATORS 

Gates with Open-Collector 

Outputs 


DESCRIPTION 
Quad Exclusive OR/NOR ; 
4 Bit parallel Binary Accumulators Gates 
4-Bit True/Complement, 


4 Bit Arithmetic Logic Units 


TECHNOLOGY 


VOLUME 


” 
x 
0 


= 
® 3 
o m 
~ 
~j 
e 


fo 3 


~ N ~ 
Ww fo?) wW 
oa o fo) 


‘87 
Element 


Function Generators 


Look-Ahead Carry 
Generators 


Quad Serial Adder/Subtractor : 
8 Bit Slice Elements 


DESCRIPTION TYPE 


2 Bit by 4 Bit Parallel Binery Multipliers 


4 Bit by 4 Bit Parallel Binary Multipliers - 


aK 
® 
n°) 
£ 
© 
2 
eo) 
oO 
c 
a 
LL. 


’ 


®@ Denotes available technology. 

A Denotes planned new products. 

A Denotes ‘‘A’’ suffix version available in the technology indicated. 
S Denotes supplement to data book. 
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«4 


FUNCTIONAL INDEX 


MEMORIES 


USER-PROGRAMMABLE READ-ONLY MEMORIES (PROM’s) REGISTERED PROM's 


STANDARD PROM’s — 
DESCRIPTION | TYPE ORGANIZATION 
oe OUTPUT 
4096W x 4B 
DESCRIPTION ORGANIZATION | 9 os ae VOLUME 16K-Bit Arrays | T8P34R162 | 4096w x 48 | 3-State | a | 


TBP34SR165 4096W x 4B 3-State 
TaP2es166 | 2046w x 68 | 3-State Ben? #2. aes 


TBP38S165 2048W x 8B 3-State 


TBP38S 166 2048W x 8B 3-State RANDOM-ACCESS READ-WRITE MEMORIES (RAM’s) 
16K-Bit Arrays | TBP38SA165 2048W x 8B oc 

TBP38SA 166 2048W x 8B oc 

TBP34S162 4096W x 4B 3-State 

TBP34SA162 4096W x 4B oc 

TBP24S81 2048W x 4B 3-State 

TBP24SA81 2048W x 4B oc 256-Bit 226. Arane | 


TBP28S85A 1024W x 8B 3-State 
TBP28S86A 1024W x 8B 3-State 
8K-Bit Arrays TBP28SA86A 1024W = 8B oc 64-Bit Arrays 
TBP38S85 1024W x 8B 3-State 
1 ee oe fae tft i 


TBP38SA85 1024W x 8B oc 16-Bit Multiple-Port 
TBP38SA86 1024W x 8B oc 172 
ens File 


TBP24S41 1024W x 4B 3-State 
TBP24SA41 1024W x 4B oc 16-Bit 6. Regie | File 
TBP28S42 512W x 8B 3-State 
4K-Bit Arrays 
TBP28SA42 512W x 8B oc 
TBP28S46 512W x 8B 3-State 
TBP28SA46 512W x 8B 


TBP38S22 256W x 8B 3-State 
2K-Bit Arrays 
TBP38SA22 256W x 8B oc one [TECHNOLOGY | 
oi — s: a : DESCRIPTION TYPE 
BP24SA1 
IK-Bit Arrays | 13534510 256W : 4B a 
2 16 Words x }16Wordsx 5Bits | Bits 
TBP34SA10 256W x 4B 


TBP18S030 32W x 8B 3-State ; 
64 Words x 4 Bits 
TBP18SA030 32W x 8B oc 
256-Bit Arrays 
TBP38S030 32W x 8B 3-State 
TBP38SA030 32W x 8B Oc 


LOW-POWER PROM ’s 


TYPE 
DESCRIPTION TYPE ORGANIZATION VOLUME 
OUTPUT 


n 
ae 
Bo 
eee 
228 
ae 
oe 
5 
rom 
® 
x 


TBP28L166 2048W x 8B 3-State 
1eK.-Bit Arrays | TBP38L165 2048W x 8B 3-State 
TBP38L166 2048W x 8B 3-State 

TBP34L162 4096W x 4B 3-State 
sine, TBP28L85A 1024W x 8B 3-State 

TBP28L86A 1024W x 8B 3-State 
8K-Bit Arrays 

TBP38L85 1024W x 8B 3-State 

TBP38L86 1024W x 8B 3-State 
DP Soran nig vou | eae Eo 
4K-Bit Arrays 

TBP28L46 512W x 8B 3-State 
TBP28L22 256W x 8B 3-State 
2K-Bit Arrays | TBP28LA22 256W x 8B oc 
TBP38L22 256W x 8B 3-State 
Tike Avays | TePsatio | _25ew x a8 | asta | a | 
[256-6i Arrays | TeP3eL030 | s2W x 68 | SSte | a | 


® Denotes available technology. 

A Denotes planned new products. 

A Denotes ‘‘A”’ suffix version available in the technology indicated. 
B Denotes ‘’B’’ suffix version available in the technology indicated. 
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FUNCTIONAL INDEX 


PROGRAMMABLE LOGIC ARRAYS 


PROGRAMMABLE LOGIC ARRAYS 


OUTPUTS TYPE 
INPUTS ALS VOLUME 
Cs a 


[a | Acwetow | PaLTeLgA | ° 


DESCRIPTION 


B4 


Standard High Speed PAL~ Circuits 


az 
eR Registered 
| 8 | 


Te | Rawetow | 


Registered 


2 | Aciwetow | 


Registered 


Standard High-Speed 
Half-Power PAL” Circuits 


Standard High-Speed PAL* Circuits 


Active Low 
Standard High-Speed 

Half-Power PAL* Circuits Registered 

Active-high 

12 Active-low 
Programmable 

Active-high 

Active-low 
Programmable 
High-Performance FIXED-OR rs tet 
Impact PAL* Circuits ae 
Programmable 

Active high 

Active-low 
Programmable 


Active-high 


nN 


nN 


Active-low 
Programmable 
Active-Low 
High-Performance Impact PAL* 
Circuits Registered 
Active-Low 
High-Performance Half-Power 


impact PAL’ Circuits Registered 


Active Low 
High-Performance EXCLUSIVE-OR 


N 


Impact PAL’ Circuits Registered 


Active-Low 


High-Performance Half-Power 
EXCLUSIVE-OR Impact PAL” Circuits 


Ld 


Registered 


> 


ctive-Low 
High-Performance Registered-Input 
PAL” Circuits Registered 


Active Low 


High-Performance Half-Power 

Registered-input PAL” Circuits Registered 
Active Low 
High-Performance Latched Input 


PAL’ Circuits Registered 


Active Low 


High-Performance Half Power 


Latched-Input PAL’ Circuits 


Field-Programmabie 
14 x 32 x 6 Logic Arrays 


Field. Programmable 


Registered 


3-State 
iC 


° 


3-State 
14 x 48 x 6 Logic Sequencer 


oO 


3-State 
iC 
3-State 


Field- Programmable 


° 


16 x 48 x 8 Logic Sequencer 


Peactensa |e] 
Pracrenca |e | 
Practonéa | 
Pracrouea? | 
Praciensaz |e] 
Fearrenca2 |e 
Feacrenea2 | «| 
Peaczouga [a | 
Peaczonsa | a] 
Pearzorca [a | ™ 
Peaorea | a 


PAL20L8A.2 
PAL20R4A-2 
PAL20OR6A-2 
PAL2OR8A-2 
TIBPAL12H10 
TIBPAL12L10 
TIBPAL12P10 
TIBPAL14H8 
TIBPAL14L8 
TIBPAL14P8 
TIBPAL16H6 
TIBPAL16L6 
TIBPAL16P6 
TIBPAL18H4 
TIBPAL18L4 
TIBPAL18P4 
TIBPAL20H2 
TIBPAL20L2 
TIBPAL20P2 
TIBPAL16L8-15 
TIBPAL16R4-15 
TIBPAL16R6-15 
TIBPAL16R8-15 
TIBPAL16L8-25 
TIBPAL16R4-25 
TIBPAL16R6-25 
TIBPAL16R8-25 
TIBPAL20L10-XX 
TIBPAL20X4-XX 
TIBPAL20X8-XX 
TIBPAL20X10-XX 
TIBPAL20L10-XX 
TIBPAL20X4-XX 
TIBPAL20X8-XX 
TIBPAL20X10-XX 
TIBPALR 19L8-XX 
TIBPALR19R4-XX 
TIBPALR19R6-XX 
TIBPALR19R8-XX 
TIBPALR19L8-XX 
TIBPALR19R4-XX 
TIBPALR19R6-XX 
TIBPALR19R8-XX 
TIBPALT 19L8-XX 
TIBPALT 19R4-XX 
TIBPALT 19R6-XX 
TIBPALT 19R8-XX 
TIBPALT 19L8-XX 
TIBPALT 19R4-XX 
TIBPALT 19R6-XX 
TIBPALT19R8-XX 
TIFPLA839 
TIFPLA840 
TIBPLS167 
82S167A 

TIFPLS 104 
TIFPLS105 
82S104A 
82S105A 


nN 


nN 


2 


> 


Nn 


N 


' 


nN 


nN 


mR 


nN nN 
> be > 


N 


nN 
> > 


nN 
@ 


“PAL is a registered trademark of Monolithic Memories Incorporated. 


® Denotes available technology. 
ADenotes planned new products. 
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Functional Index 


2-16 


General Information 


Code Converters _ 


Designing with Texas Instruments 
Field-Programmable Logic 


_ Mechanical Data 


3-1 


PALIGL8A, PALIGR4A, PALIGRGA, PALIGRSA 
STANDARD HIGH-SPEED PAL® CIRCUITS = 


FEBRUARY 1984—REVISED JANUARY 1985 


Standard High-Speed (25 ns) PAL Family PAL16L8° 
M SUFFIX . . . J PACKAGE 
Choice of Operating Speeds C SUFFIX .. . J OR N PACKAGE 
HIGH SPEED, A Devices. . . 35 MHz (TOP VIEW) 


HALF POWER, A-2 Devices .. . 18 MHz 
Choice of Input/Output Configuration 


Package Options Include Both Plastic and | 
Ceramic Chip Carriers in Addition to Plastic | 
and Ceramic DIPs | 
| 
| 
| 


3-STATE REGISTERED 
DEVICE INPUTS 1/0 PORTS 
0 OUTPUTS | Q OUTPUTS 


PAL16L8 
PAL16R4 
PAL16R6 
PAL16R8 


description 


GND 


4 (3-state) 
6 (3-state) 
8 (3-state) 


PAL16L8’ 
M SUFFIX . . . FH OR FK PACKAGE 
C SUFFIX . . . FN PACKAGE 


ON FF OD 


(TOP VIEW) 
These programmable array logic devices feature 0 3 
high speed and a choice of either standard or ins >o 


half-power devices. They combine Advanced 
Low-Power Schottkyt technology with proven 
titanium-tungsten fuses. These devices will 
provide reliable, high-performance substitutes 
for conventional TTL logic. Their easy 
programmability allows for quick design of 
““custom’’ functions and typically result in a 
more compact circuit board. In addition, chip 
carriers are available for further reduction in 
board space. 


1{)4 18] 1/0 
i[}5 17 1/0 
11j6 16 [} 1/0 
197 15[} 1/0 
[js 14 1/0 

107417 1243 


O° 


The Half-Power versions offer a choice of 
operating frequency, switching speeds, and 
power dissipation. In many cases, these Half- 
Power devices can result in significant power 
reduction from an overall system level. 


Pin assignments in operating mode (pins 1 and 11 less positive than 
VIHH) 


Field-Programmable Logic 


The PAL16’ M series is characterized for 
operation over the full military temperature range 
of —55°C to 125°C. The PAL16’ C series is 
characterized for operation from 0°C to 70°C. 


Tintegrated Schottky-Barrier diode-clamped transistor is patented 
by Texas Instruments, U.S. Patent Number 3,463,975. 


PAL is a registered trademark of Monolithic Memories Inc. 


Ri Copyright © 1984, Texas Instruments Incorporated 
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: PAL16R4A, PAL16R6A, PAL16R8A 
STANDARD HIGH-SPEED PAL CIRCUITS 


PAL16R4’ PAL16R4° 
M SUFFIX... J PACKAGE M SUFFIX .. . FH OR FK PACKAGE 
C SUFFIX .. . J OR N PACKAGE C SUFFIX .. . FN PACKAGE 

(TOP VIEW) (TOP VIEW) 
vv O 

ah AIS 

Mest ae CO ae Se 

2° 12019 


10 111213 
— lw 
S56 = 2 
oO 
PAL16R6’ PAL16R6’ 
M SUFFIX . . . J PACKAGE M SUFFIX . . . FH OR FK PACKAGE 
C SUFFIX... J OR N PACKAGE C SUFFIX . . . FN PACKAGE 
3 (TOP VIEW) (TOP VIEW) 
O 
3 $2 
n — — 
oo 2 12019 
QO 11}4 is{[] a 
a) it}5 1714} 0 
Oo. 11}6 16{/1 0 
© 107 isf}a 
5 i iis 1411/0 
= 213 
o - owed 
3 > i)! 
@O © 
Tr 
O PAL16R8' PAL16R8’ 
Q. M SUFFIX .. . J PACKAGE M SUFFIX . . . FH OR FK PACKAGE 
o C SUFFIX .. . J OR N PACKAGE C SUFFIX FN PACKAGE 
(TOP VIEW) (TOP VIEW) 
T}1 200] Vec “Oo 
. ee e> 
OQ 
Q if}4 is {}O 
Q 105 17{}aQ 
Q if}e 16[] OQ 
Q 107 15a 
Q ifs 14[]Q 
Q- 10-VE2AS 
OE 
= Ww 
2 |8 ome) 
© 


Pin assignments in operating mode (pins 1 and 11 less positive than VjHH) 
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PAL16L8A, PAL16R4A 
STANDARD HIGH-SPEED PAL CIRCUITS 


functional block diagrams (positive logic) 


‘PAL16L8A 
‘PAL16L8A-2 


3 


‘PAL16R4A 
‘PAL16R4A-2 


CLK 


rm 
Field-Programmable Logic 


~ denotes fused inputs 
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PAL16R6A, PAL16R8A 
STANDARD HIGH-SPEED PAL CIRCUITS 


functional block diagrams (positive logic) 


‘PAL16R6A 
‘PAL16R6A-2 


5 é Yom 
QO2 
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ABF 
a 
JU UL 
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‘PAL16R8A 
‘PAL16R8A-2 


OE 
CLK 


91607 ajqewwesbo1g-pjai4 


~ denotes fused inputs 
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PALIGRGA 


STANDARD HIGH-SPEED PAL CIRCUITS. 
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STANDARD HIGH-SPEED PAL CIRCUITS 
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4-NCC Supply voltage 


tay reer: 
Spat Wat SSA 


PAL1G6L8A, PALIGR4A, PALIGR6A, PAL1GR8A 
STANDARD HIGH-SPEED PAL CIRCUITS 


Se RT BE EAI EE PILL ERLE DE ED WOO CELE SL AAS EET EAE TET SE Sie EOS SBA Ei ELIS ELSE DANE ESN NEEM LAIR EAL TILLED ACL TERETE: 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


eens SN WEE VR PEN Sh Signe bck bye pe Bed ele oo wiv age Sk Wl a Fd owe nde Oe fdas". 
Seruaees ena Ont ee, ey. ci oon eg we ge Sa Ge wk Dos EN Cea ee 5.5 V 
Voltage applied to a disabled output (see Note 1).............. 0... ce ee es §.5°V 
Operating free-air temperature range: M suffix.............. 0.200002 ee aee ~ 55°C id 125-6 

OMe RR i aa ae re antec a i Rea Mine 0°C to: 7O7G 
Ue TET IGT tM: TANID = Saas ee oe es ee wee @ ee ee —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


PARAMETER 


: =32 
| SSN ES PEE SS 


_ A a OE input Pe Saas <5 BE ee F 
-levei in voitage 
. RES All others 


programming parameters, TA = 25°C 


025 10.8 107 


; PGM ENABLE, L/R 2 
Program-pulse input current Pl, PA 
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PAL16L8A, PAL16R4A, PAL16R6A, PAL16R8A 
STANDARD HIGH-SPEED PAL CIRCUITS 


recommended operating conditions 


ee ae MIN 
0 


folock___Clock frequency 


t Pulse Guration, see Note 2 Clock high ___| 
e ration, see ote 
eee, Clock low 


w 
tsu Setup time, input or feedback before CLK + 
th Hold time, input or feedback after CLK f 


NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, foigck. The minimum pulse durations specified 
are only for clock high or clock low, but not for both simultaneously. 


electrical characteristics over recommended operating free-air temperature range 


Vcc = MIN, loH = MAX 
Vcc = MIN, lol = MAX 


V = MAX, Vo = 2.7-V 
1/O ports ce 0 


Vo 
Vi 
Vi 


OE INPUT 
Vv, = 0.4V 


All others 
= MAX, Vo = 
= MAX, Outputs Open 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tAll typical values are at Vcc = 5 V, Ta = 25°C. 
8The output conditions have been chosen to produce a current that closely aproximates one half of the true short-circuit output current, los. 


switching characteristics over recommended supply voltage and operating free-air temperature ranges 
(unless otherwise noted) 


PARAMETER 


d 
R_ = 500 2, 


See Note 3 


CL = 50 pF, 


0 [ 0,0 


tAll typical values are at Vcc = 5 V, Ta = 25°C. 


NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 


3-12 TEXAS 4 


INSTRUMENTS 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


118 


PAL16L8A-2, PAL1GR4A-2, PAL16R6A-2, PAL1GR8A-2 
STANDARD HIGH-SPEED HALF-POWER PAL CIRCUITS 


recommended operating conditions 


IN 
cos 2 Seton tebe ocala po A Seen 18 P MHz | 
i peti Be RNS FE. SSS 
tw Pulse duration, see Note 2 Clock hig 28 25 
Clock low 
| = 


ts Setup time, input or feedback before CLKt 
th Hold time, input or feedback after CLK Cee ee ees 


NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, foigogk. The minimum pulse durations specified 
are only for clock high or clock low, but not for both simultaneously. 


electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONSt 
| parameren | = Testconpmonst = MIN TYP* MAX | MIN TYP# MAX 
V 


Vcc = MIN, lj = —18mA eS LS 
Voc = MIN, lon = MAX 2432 2433 
Voc = MIN, lo, = MAX 

Output 

i Re sepa 

1/O ports 

. 

V = MAX, 
nia 


Vo 


VI 
Voc = ¥ 


| = 4: 
OE INPUT 
Vec = MAX, Vj = 0.4V 
All others 


Voc = MAX, Vo = 2.25 V ~30 


Vec = MAX, Outputs Open 
Vi = 0V 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
FAll typical values are at Vcc = 5 V, Ta = 25°C. 
8The output conditions have been chosen to produce a current that closely aproximates one half of the true short-circuit output current, los. 


switching characteristics over recommended supply voltage and operating free-air temperature ranges 
(unless otherwise noted) 


PARAMETER 


2 
(o>) 
° 

— 

2 

ae} 
oI 
E 
S 
oc 
dee 
D 
O° 
ee 

es 
= 
= 
it 


R_ = 500 Q, 
Cy = 50 pF, 


0,10 i 


+All typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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PAL16L8A, PALIGR4A, PALIGRGA, PAL1GR8A 
STANDARD HIGH-SPEED PAL CIRCUITS 


PRODUCT TERMS 0 THRU 31 
(TOP VIEW) 


PGM ENABLE [ }1 
PIO (j2 

Pi1 LJ3 

PI2 | ]4 

PI3 L]5 

PI4 L|6 

PI5 |]7 

PI6 |]8 

PI7 L}9 

GND [| }10 


111 |] PGM VERIFY 


PGM VERIFY []1 


Pin assignments in programming mode (PGM ENABLE, pin 1 or 11, at Vip) 
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INPUT 
LINE 
NUMBER 


e) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


WWNHNHN NNN NN PN NY 
- OW WON OOP WH — CO 


TABLE 1 — INPUT LINE SELECT 


PIN NAME 


PI7 PIG PIS PI4 PIZ PI2 Pit 


PIO L/R 


NNN 
= aint op 


WWNNNN DK 
eR Seren ar 


L = Vit, H = Vip, HH = VinH, Z = high impedance (e.g. 10 kQ2 to 5 V) 
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PRODUCT TERMS 32 THRU 63 
(TOP VIEW) 


PIO | }2 
Pi1 L]3 
PI2 | ]4 
PI3 [_J5 
Pi4 |]6 
PIS L}7 
PI6 L]8 
PI7 L}9 
GND []10 


TABLE 2 — PRODUCT LINE SELECT 


N 


NN NNNNNN NNN NNN NN NN NNN NWN NSN 


N 


NNNN NNN NNN NNN N SN 


NNN NNN N SN 


J 201] Vec 
19] | L/R 
18] | PAO 
171 | PA1 
16] | PA2 
15] | POS 
14] | PO2 
13] | PO1 
12} | POO 
111 | PGM ENABLE 


LINE 
NUMBER | POO PO1 PO2 PO3 PA2 PA1 PAO 


Z 
Z 
Z 
Z 
Zz 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 


NN NNN NN NN NN NN NN SN 
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PAL16L8A, PALIGR4A, PALIGRGA, PALIGRSA 
STANDARD HIGH-SPEED PAL CIRCUITS . 


ARORA EAD ELE WARE TAME AIRE APES TE ORE EPID SES Eb OBERT AEDES SO 08 BA MO G8 LEILA ah BE LIB LIT NA SP a ane She Mek ESTER ae ERR A OA AS I TE RS 
programming procedure for array fuses 


Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the 
appropriate (one of 32) input line and then pulsing the correct (one of 64) product line. The levels for selecting 
input lines and product lines are shown in Tables 1 and 2. 


Step 1 Raise PGM ENABLE to VjHH. 

Step 2 Select an input line by applying appropriate levels to L/R and PI pins. 

Step 3 Begin selection of the output line with appropriate conditions on PA pins. 

Step 4 Raise Vcc to ViHH. 

Step 5 Blow the fuse by pulsing the appropriate PO pin to VjHH as shown in Table 2 for the product 
line. 

Step 6 Return Vcc to 5 volts and pulse PGM Verify. The PO pin selected in Step 5 will be less than 


VOL if the fuse is open. 
Steps 1 through 6 may be repeated if the verification does not indicate that the fuse was successfully 
programmed (blown), but no more than four times. Verification is possible only with the verify-protect 
fuse intact. 


programming waveforms 


PGM ENABLE 
ie 
SELECTED oD) 
Pi, L/R,PA e) 
PINS (see a | 
Tables 1 and 2) rb) 
a2 
Vcc = 
c 
io?) 
SELECTED o 
PO PINS (see (2 Se 
Table 2) oO 
*—tw2 Oo 
le-ta1—aI i 
VIH 
PGM VERIFY | | 
ViL 
@) A high level during the verify interval indicates that programming has not been successful. 
Q) A low level during the verify interval indicates that programming has been successful. 
security fuse programming 
Ov 
PiN 1 
' i 
PIN 11 / \i 
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PAL20L8A, PAL2OR4A, PAL20RGA, PALZOR8SA 
STANDARD HIGH SPEED PAL® CIRCUITS 3 


D2706, DECEMBER 1982—REVISED JANUARY 1985 


Standard High Speed (25 ns) PAL Family PAL20L8’ 
M SUFFIX .. . JW PACKAGE 


Choice of Operating Speeds C SUFFIX .. . JW OR NT PACKAGE 
HIGH SPEED, A devices . . . 30 MHz (TOP VIEW) 
HALF POWER, A-2 devices .. . 18 MHz ; 


Choice of Input/Output Configuration 
Preload Capability on Output Registers 


DIP Options Include Both 300-mil Plastic 
and 600-mil Ceramic 


3-STATE REGISTERED 0 
DEVICE | INPUTS 
0 OUTPUTS Q OUTPUTS PORTS 
‘PAL20L8A 14 - eR ) 6 
‘PAL20R4A 12 4 (3-state buffers) 
6 (3-state buffers) 


‘PAL2OR6A 
‘PAL20R8A 


8 (3-state buffers) 


PAL20L8’ 
M SUFFIX . . . FH OR FK PACKAGE 
C SUFFIX... FN PACKAGE 


description (TOP VIEW) 


These programmable array logic devices feature 
high speed and a choice of either standard or 
half-power speeds. They combine Advanced 


Low-Power Schottky! technology with proven 0 
titanium-tungsten fuses. These devices will VO 
provide reliable, high performance substitutes uw? 
over conventional TTL logic. Their easy a 
programmability allows for quick design of 1/0 
““custom’’ functions and typically result in a /0 


more compact circuit board. In addition, chip 13 14 15161718 
carriers are also available for further reduction 
in board space. 


The Half-Power versions offer a choice of coe ; . a Se 
. : ; pin assignments In operating mode (voltages at pins an 

operating frequency, Switching speeds, and less then Vip). PLCC pin assignments in operating mode (voltages 

power dissipation. In many cases, these Half- at pins 2 and 16 less then Viyy). 

Power devices can result in significant power 

reduction from an overall system level. 
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Wu 


In addition, extra circuitry has been provided to 
allow loading of each register asynchronously to 
either a high or low state. This feature simplifies 
testing because the registers can be set to an 
initial state prior to executing the test sequence. 


The PAL20’ series is characterized for operation 
over the full military temperature range of 
—55°C to 125°C. The commercial range is 
characterized from O°C to 70°C. 


PAL is a registered trademark of Monolithic Memories Inc. 
Tintegrated Schottky-Barrier diode-clamped transistor is patented 
by Texas Instruments, U.S. Patent Number 3,463,975. 


PRODUCT PREVIEW s Copyright © 1985, Texas Instruments Incorporated 
This document contains information Ti 4 
on a product under development. 
Texas Instruments reserves the right | EXAS 3-17 
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PAL20R4A, PAL20RGA, PAL20R8A 
z STANDARD HIGH SPEED PAL CIRCUITS 


PAL20R4’ PAL20R4’ 
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FH OR FK PACKAGE 
C SUFFIX . . . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE 
(TOP VIEW) (TOP VIEW) 


PAL20R6' PAL20R6' 
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FH OR FK PACKAGE 
C SUFFIX .. . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE 
(TOP VIEW) (TOP VIEW) 


ms 
© 
°. 
D fe] 
'o) Q 
c Q 
be] NC 
3 Q 
4 fe) 
® Q 
oa 1415161718 
@ 
2g S S IS : 
ro} O 
a2. 
) PAL20R8’ PAL20R8’ 
M SUFFIX .. . JW PACKAGE M SUFFIX .. . FH OR FK PACKAGE 
C SUFFIX .. . JW OR NT PACKAGE C SUFFIX .. . FN PACKAGE 
(TOP VIEW) (TOP VIEW) 


1516 1718 


DIP pin assignments in operating mode (voltages at pins 1 and 13 less than Vij) 
PLCC pin assignments in operating mode (voltages at pins 2 and 16 less than Vj}y4H) 
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PAL20L8A, PAL20R4A 
STANDARD HIGH SPEED PAL CIRCUITS 


functional block diagrams (positive logic) 


PAL20L8A 
PAL20L8A-2 


# 
¥: 


PAL20R4A 
PAL20R4A-2 


OE 
OUTCLK 


Field-Programmable Logic | 


1/O 


84 


dia 
TEXAS 3-19 
INSTRUMENTS 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


PAL20R6A, PAL20R8A 
STANDARD HIGH SPEED PAL CIRCUITS 


functional block diagrams (positive logic) 
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PAL2OR6A 
PAL2OR6A-2 


OE 
OUTCLK 


a 
Fe 


PAL2OR8A 
PAL2OR8A-2 


OE 
OUTCLK 
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PAL20L8A 
STANDARD HIGH SPEED PAL CIRCUITS 


INPUT LINES 
0 4 8 2 16 20 24 28 32 36 
, (2) & a RE Ue HH SD DE SF OS Ss ee (2s) \ 
sci ) 2M SD De ae ee ie Fa ee NS BS he SB eS ao 
e Cee hele te ee ee ee. 
Pret trl? tet? (tit Cin tia Leer te Ta eee ee (22) 
& A et i er eee ae ) > 
QUEG CRT SH 65ST DRAB Re a eo ee Ro ae ooo mes 2 gy 
On Tlit tliat bet CLES Lo eee ie eed beat | 
SUS GEL SRD RR ks Oa APO OH Soe SW eS ee gs 
(3) ae 1g ORE; Si 2 Oe ee gE Led 
1 >, ERAS OV a OR ae S260 SCAG SES SEE Sa eRe es eS cA < 
St ie ee er oT eh ti oe 4 
Sort ei rT as RES Re Cet Feet teers | 
RW RIN A GE Mk DAS eS as me ad TS a (21) 
On at tert Th UL Lote lo te es Pile ott. Se Pee aa “eo 1/O 
FESMAT OAS TS TNS OE SS ee SRA BS a Be oe sees Pg 
* 8 ee OS ea Bae ae FS FRAT GS oe, RAS Bm 288 Se ke xy een 
(4) | Sa a DO NS SO ON 
DERAEIS BS ae 2 HE: ea ad el oe LL le bet ee ee ae 
Pete rit ate Sel 1 er et tet ek Pet) es 
is) BOE peel Lo ee re 
eet dt tt Lt LL LLL LL ir tt Lol ee eee ee 
20 BE Re Oe a SS 0S eS ee es ic eee (20) 
e 6 2S RO a te Se Ss De ee ae > i/o 
Pet (leectre cet CCE id ert. tT ttt tre ae ee ee 
6 Sima be a RD ie - hes ee SR EBER GG xc sae Moy 
2 GAR 2 RAO Se ae aw 4 SS ee Ss See ag 
(5) Le ie we ee Se Sy oe ee Se Be OO RK OS s = 
\ errr TT tl LL At Gk UA ORS ME RUE GES bs eR ee 
7S DRE Bl a2 2 ORO se ag SS: eames ae sa NM UT OO RR OS oD a 
eeeba we OE BS 3 ee as ese eee 
ett la ee i Ce Te at Oe. Lit ee 
2 AAR a 5 SE Oa Pa ne me 6 ae Siena 2 wee ag, (19) .$) 
PY HF SN SO AA TR OO ©: ON Be ie ek 1/0 = 
2 Ome? he Sea a Ge 60S RES SSE Bee PAO eS Oo eee Me o 
Oriel titolo ttt. trl lt ret CLO ae ro) 
cet slit) OR Sh Oh AE IE ee le a Oa OE Be Fe, poe 
(6) eet TTT) OSI Se Ss OE A EO RE OS ee = 
Sy SS Ea AR eS Es ST PLT fits Lett erie oe ry 
ett Trt) (eae ES erry ton 1 a = 
PTT. PCr Le 15 be OA OS a MS Oe ae 2 
o eed me 
SI ws aes Os OS Re ke a Se a Ss st Oe (18) 
eo Ts tt awe 2 Re WN A 2 A a Pa ee ee > 1/0 = 
OE BM Re a sO eS a 9 Ba 9 8 Ok aes 
| a EEE RRS WO ee ee ER ee NS eo 2 = 
Se ie ee Pe oS 
(7) coe Re seseres PTV tt ftir lt ECT ee © 
"FL ree y © SS Se ee ee C22 CE SEF ER DSA SC eer A 
4.0 FEE o 
P* Somes 0s Os ROME 2 SG SA eB SO RR Oe SE A ee Om Seeee esse ee pest 
6S MR 28 RG A) A Sk BS a a, (17) a. 
.———————————_ Te) > 1/0 1 
a oe ee ee G 
Orvrre tire List. telit iit ttl tt Le A Phe = 
7 Ss i a aa eS A 2 Sa a © add eS a Be i cas rT} 
(8) ws me eat Tad SOW GP o BES SD: a = 
“ca OS OY Ew fae a eo ox emer cf LL 
8 acc i OER WR OS Se a eT Se rs Pe ® sommes 
@ Ter ee ee 
So > We ee RA A Se Oe Bs Ss Se (16) 
© Tit Perr rt LL LL i tLe tee x a aco Soe BD. fe 1/O 
Cee ed a ee 
Ort st er ee i ee ESM EDR CE swe Se 
Pa oe eis ttt) 1 tt ee Pe) 
(9) PEEL ttt chia ttt til. tt te tat Pe ee 
i ‘PED S Wt a 2 err Tritt fir Te tre. tt. ae 
PT tt Fitt ttt trite trit tt. a Sh ee 8 t = 
trae Se Se ee ¢< 2 RES OBE See ree EKS r+} 
fe AGREES ee eS 2 Se Ss Oe MBE RG OE Ba & ce oe 
Pat. a] Si ESE eS i OF OY Se Pe Pr a (15) 
a SERS CSS SSA GALE RR Eee eS eee ) > re) 
e oe EO 
63 PC it Se ee er 
(10) Pert: trait. Titi Lidl. iit tt or tt Th (14) 
aren tr Eres ret) Tt tes tt Te a a ae | I 
i eae tt tt at ts od FE SR aI 1 
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PAL20R4A 
STANDARD HIGH SPEED PAL CIRCUITS 


(1) 


OUTCLK — INPUT LINES 
. | ae Caer we oer eset ees rer ea oe 
LPT TIT TT Leer Lt ee a ee tr a, 
mover HTL 
LINES @) PTtt Tri) Tri Three the et tr LU td 
sotoncusanses asst eeeseseeces anes sarssSesersarssr== Sao i 22) 
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PAL20R6A 
STANDARD HIGH SPEED PAL CIRCUITS 


(1) 


OUTCLK — INPUTLINES 


oO 4 8 12 16 20 24 28 32 36 (23) 
1 (2) ie waencaTe Seer TTT eri Tit LLL LLL LLL oe | 
HINES OSS 
e Se ee (22) 
8 eS SA 28 a A A SW EN Sx GR » 1/O 
SS ae: a Sa ea Oa a 
Ort ar ee i ee 
7 5 A 5 a a as a = 
(3) Perro err TTT TCT ty. Cert tii peed ttt tie 
i fe Rana vas Ba oe SM ACR USAW Re Te umeDe 4 
Cenee S58 esa o Oe a OS SS NS 
° tooo an Be hE Gwe he WR Sam we Pb coo} 
ae oe os SS =e 
mrs it) Plt tt i ttt ee. Lt oe eee 
OTT aT CL Perr Tir Tet Ler or Lie ee a) 
7 PE AS PERE SE A eS ee Se ee So 
(4) Sco eae Serre Trt ELL, Tre to UL 
errr TTT Pwrrer tit Ttrt ttre TL itt tbe oe | 
Trt Tit Ter Tee Lhe LeLL EL it tL ee 
16 $2 0S OAR a Ne Scie S a A A A a SE 
ett. Tt Tt ore. Tt iit ot 1) Pet. tr ap Ht oH 
Orr et cl et Oe be 
ane ea Pera Peet tite Lh) Perr Elt. Litt teat eta 
ott aT errr cer Lier Ltt Le TL ie | 
23 rere Tiel tes Lt tt ot 1) we 4 Sams dee Se 
(5) ret Ter Tri? 11LP Titi fleet; Litt tat ee 
Sec UA. St SS aD SS ON OS A Oe Se a Pe eee 
art tT tt tt he TT Th LL Lie Pt Pt Ll Cie 
24 ou ate & -] Ai ee we CE gs 
e eee ee 
SS oy Oe aK a MARR ak A A a Sa A a SS ve 
re er et rt el to LL Rit Et ee 
Pers ta SL DES a DO cs ee 
3 AB en Serpe Perrot rite tier Cirle ort Ltr ee = 
(6) APLAMAD I AS ee PT yD RS BETS 
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D 
Oo 

= 

2 

2 
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an Soe eNO en ao Lae eo ee a MN ae a Oe Ae Be SP a (17) 
ESS i Os RE ws OF Ht ae i A Oe Oe eS ee TH) SD 0 Qa 
Eb De S eC eR Oe ee Oe Ge et ee es ee & 
s Bee ee @ 
(8) Boece: ws aa © 2 Mo wo: aa SS camara y sow wae Oe ae Bigs hee 
Danan SS aM SH SG tee oe ee a OG MHC SRMR OTe we eS 
48 SEE EEE 


e SSG * SPAR EA Mi EEE SE BE EKO SSS, BORE eR eR 
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PAL20R8A 
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STANDARD HIGH SPEED PAL CIRCUITS 


(1) 


OUTCLK = INPUT,LINES 
4 8 12 16 20 24 28 32 36 
(2) (23) 
1 or eres Gas See wee I 
LINES 0 
bs ae ees 
Es PrTT Trt Lit ttt tld tt Lett er 
SFARCIK TGC BWAS SS RAO RRR REDE A ee ee eee 
a ROU BA RSE 7 OAS DS AS OA SNES Se eR SRE SS 


1€ ttt tt tt Tia Ss ote oo 
ro) e SS B= ee Sh ie ae 62 Bae e i ey | | a ae — 2 
eet Se eo SE Pep Pl pe PS mares ar Pe | aan | @ Ge ee ae 
e FIRB 2 ARE SEES eo Ee eo eR os ee 
. SS 
Oo eS 
; = eee a oe a >) 4 
: Siimssitastesmesseaestestesmrsstosteseesttmsesto=r es 
= SS SSE EE 
2 7 STE 
4 \ (6) BE 9 Land 
0 PS SHH SS pc 
3 oo¢essGeee Seen Seeeee SS esescenSeemseeeenseaessesams Se 
=i e AG2 ES, i 9 MGS SRE SSM eas eT ASSES Te ee Eo ee es 
Fi 0 SE 
Se 3s ss tast res sceaseceestes erestinert mterenceeas trtiE= <a 
BD SHS eK 
o } pa Bae 274 APS eRe 2 el B nase sane cy 
a OMe Ae TTT erect fiir ttri see Tel io 1 Ba 
@ A S50 GR 085 SS 00S RSS Se SOS See eee Se 
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PAL20L8A, PAL20R4A, PAL2OR6A, PAL20R8A 
STANDARD HIGH SPEED PAL CIRCUITS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SADE UEHEMG, “WP? ARRO INOTB2 1). acs a a he Rey we a cP Ce eee es bee ok Miane ES 
Eee LOMO TNO th eels hb fase con oe ee a ee Ea LS ee Oey Ay aes 5.5 V 
Vonage applied to a-disabied: output (sea Note J)... i ie we ns ee es a es 5.5 V 
Operating free-air temperature range: M suffix.............. 0.00. cee eee ee -—55°C to 125°C 
rae a eh Pas, oe, Se Se a ee O° ta570- 
mires tGMpereture (TONGS. | a i F5 a ee eee ral Feed eres —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


PARAMETER 


Vin High-level input voltage SSCS S| | 
Pi lowlnpwonegs NO OR 
(SS Seen RRR Mores ERE” 
_ aaueaaan = a 

[Ta Operating free-air temperature ——SCSCSC*C~C~‘“‘“*S*S*S*~*wr CH OHSC“‘“‘B*#OC~CSPO YC 


programming parameters, TA = 25°C 


et i ea a ee 
Vcc Verify-level supply voltage | 74.6 ° 6.0 5.5] Vv 4 
Vin High-level input voltage CBee Bovey yg eae 


ViL Low-level input voltage pont) GS ee ee 


VIHH Program-pulse input voltage 10.25 10.5 10.75 


PGM ENABLE, UR nro aS 
Pl, PA ee ee 


lIHH Program-pulse input current 


i) 
oO 
o 
oa | 
= 
4 
© 
E 
a 
4°) 
-, 
oH 
o 
= 
e3 
3 
2 
LL 


Peg eee ee ae 
Tiwi __Program-pulse duration at POping—SSSCSC~—~“—S*S*~*~SSSSSCSSC«CY | 
fins. Rin tution PON VENEY 
Pa. Wromamuues uty eves atPOpine 
ee eee 
ae eee 
[tg Delay time from PGM VERIFY to valid output SSS 20S ns 


Input current to open verify-protect (security) fuse 


tw3 Pulse duration to open verify-protect (security) fuse Be eR 
Vcc value during security fuse programming os iesq ae Oak eee 
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PAL20L8A, PAL20R4A, PAL20RGA, PAL20R8A — 
STANDARD HIGH SPEED PAL CIRCUITS 


recommended operating conditions 


folock Clock frequency 


C SUFFIX 
MIN TYP MAX 


MIN TYP MAX 


N 
oO] © 
ie) 
o} 


1) 
0 


7 
tw Pulse duration, clock 
tsu Setup time, input or feedback before OUTCLKT 25 
th Hold time, input or feedback after OUTCLKT RS Ae 


Vik Vec = MIN, i = -18 mA BARA 
Vec = MIN, IoH = MAX za, 
VOL Vcc = MIN, Io, = MAX 0.25 0.4 
20 
| V = MAX; Vay = 2.7 V A 
02H [1/0 ports se 2 Manoa 
| 
| V = MAX, Vin = 0.4 V A 
2 V0 ports ac i ; 
fy, pee eee it Vai 
= > = 2 m 
All others = : iar Eh Seat Se 
is ale All others er eee. : 
S |, oeinp TB 2h Ce Os cesta al cea faire 
= 5 = 5 m 
OS balan All others es | 
ive} V = MAX, V; = OV, 
= lec CC aL 150 210 150 210] mA 
a Outputs open, OE at Vip 
= TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
o All typical values are Vcc = 5 V, Ta = 25°C. 
ao 8The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, los. 
ae 
rm switching characteristics over recommended operating free-air temperature range (unless otherwise 
& noted) 
oO 


TO TEST CONDITIONS | MSUFFIX ; 
MIN TYP MAX | MIN TYP? MAX 


R, = 500 Q, 


Ci = 50 pF 
See Note 2 


All typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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PAL20L8A-2, PAL20R4A-2, PAL20R6A-2, PALZ2OR8A-2 
STANDARD HIGH SPEED HALF-POWER PAL CIRCUITS 


recommended operating conditions 


MIN TYP MAX | MIN TYP MAX mia 


Egaak. (Claok Frequency Po ee 
Besse re ees 
Pulse duration, clock — Es 


th Hold time, input or feedback after OUTCLKT 


Setup time, input or feedback before OUTCLKT ———————— 


V 
en others ce 
OE Ca Vy 
| Allothers | <a ce 


V 
Hoe epet oe et = 


Voc = 


PARAMETER TEST CONDITIONSt 


vec: = Vi 
Outputs open, OE at Viz 


MIN TYP? 


Voc = MIN, = —18 mA Co See 
Vor Voc = MIN, lo = MAX Poa ge | ek Se Pe 
Vou Voc = MIN, lo. = MAX [025 04, 0.85 08 
0, 0 outputs Goes a kee 
Bogan ey vas 
se is ee ee 
Pe, ee eee 
| V = MAX, Viy = 0.4 V 
iO pers | a ep ‘ a ee ee 


= MAX, Vj = 5.5 V 


rae Wi 38 Recher Aerie. 2 Mtcasmaecanc.. 


epee Rete GRENSON. 7 5 RES 2 


pec = MAX, Vo =2.26V | -30 125 |-30  - 126 | “mA 
MAX, Vj = OV, 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 


tll typical values are Vcc = 5 V, Ta = 


25°C. 


§The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, Ios. 


switching characteristics over recommended operating free-air temperature range (unless otherwise 


noted) 


ie 
I, ———— 07 


Age jist common 


1/0 


ere aoe 
aoe, 


tAIl typical values are at Vec = 5V,Ta 
NOTE 2: Load circuits and voltage wavefo 


PRODUCT PREVIEW 
This page contains information on a 
product under development. Texas 
Instruments reserves the right to 
change or discontinue this product 
without notice. 


Cy. = 50 pF, 
See Note 2 


Be A ed Oe 
rms are shown in Section 1. 
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Field-Programmable Logic — 
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PAL2Z0L8A, PAL20R4A, PAL20R6A, PAL2ZOR8A 
STANDARD HIGH SPEED PAL CIRCUITS 


PRODUCT TERMS 0 THRU 31 PRODUCT TERMS 32 THRU 63 
(TOP VIEW) (TOP VIEW) 
PGM ENABLE []1 241] Vcc pcm veriFy C]1 U 240] vec 
PIO [}2 23} t PIO _j2 231] t 
Pi1 LJ3 221} PO3 Pi1 LJ3 221} L/R 
Pi2 []4 21| ] PO2 PI2 L|4 21| | PAO 
PI3 [Js 20] |} POO1 P13 LJ5 20|_} PA1 
Pi4 [ |6 191 | POO PI4 191 ] PA2 
PI5 (7 181] PAO PI5 L]7 181} PO3 
PI6 [ js 17] | PA1 PI6 L] 171] PO2 
PI7 [] 16| | PA2 PI7 LB 161} PO1 
: PI8[}io 15, ] L/R Pig[}10 =15,.] POO 


GND[]i2.~—s 13 ] PGM VERIFY GND[}12. +131] PGM ENABLE 


TPins 14 and 23 have no programming function. Make no connection. 
Pin assignments in programming mode (PGM ENABLE at VjHH) 


TABLE 1. INPUT LINE SELECT TABLE 2. PRODUCT LINE SELECT 
INPUT PRODUCT 
LINE LINE 

3 NUMBER | PI9 PI8 PI7 PIG PIS PI4 PI3 PI2 PI1 PIO L/R NUMBER 
0 0, 
; 1, 
2 2, 
a 3 3, 
Oo 4 4, 
a. 5 5, 
6 6, 
z ; 7 
8 8, 
os 9 9, 
© 10, 
3 11, 
12, 
3 e 
o 14, 
— 15, 
e : 
17, 
8 a 
= 19, 
20, 


Le) 
-_ 


WNN NM NH NM KH NL 
$2 SO SF Se 
NNNNNNNNNNNNNNNNNNNNNNNWN 


Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
ro 
Z 
Z 
Z 


Ww 
=i 


L = Vit, H = Vin, HH = VinH, Z = high impedance (e.g., 10 kf to 5 V) 
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PAL20L8A, PAL20R4A, PAL2OR6A, PAL20R8A 
STANDARD HIGH SPEED PAL CIRCUITS 


SAAT IT TI a IL ES ELE YE A RL Ie ET LL eg IE. oe TE ERT Be To ES 9 RS RA ae NE Ee A LR AE 
programming procedure for array fuses 


Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the 
appropriate (one of 40) input line and then pulsing the correct (one of 64) product line. The levels for selecting 
input lines and product lines are shown in Tables 1 and 2. 


Step 1 Raise PGM ENABLE to VjHH. 

Step 2 Select an input line by applying appropriate levels to L/R and PI pins. 

Step 3 Begin selection of the output line with appropriate conditions on PA pins. 

Step 4 Raise Vcc to ViHH. 

Step 5 Blow the fuse by pulsing the appropriate PO pin to VijHH as shown in Table 2 for the product line. 

Step 6 Return Vcc to 5 volts and pulse PGM Verify. The PO pin selected in Step 5 will be less than 
VoL if the fuse is open. 


Steps 1 through 6 may be repeated if the verification does not indicate that the fuse was successfully 
programmed (blown), but no more than four times. Verification is possible only with the verify-protect 
fuse intact. 


programming waveforms 


pate geen: sre ns Wea 
PGM ENABLE / ‘\ 
| ViL 


+P 
ViH 
PGM VERIFY ViL 


@) A high level during the verify interval indicates that programming has not been successful. 
Q) A low level during the verify interval indicates that programming has been successful. 


| 
Pi le tsu th 
Fo a REE” oe i 
SELECTED | 
PI, L/R, PA PINS i/ | Vi ae 
(See Tables 1 and 2) | Vi . > ; 
ViHH — 
: sv 2 
| OV Fs 
| Vv 
SELECTED l l IHH S 
PO PINS 7 | VOH 
(See Table 2) XXX) l y . . 
OL 
| a?) 
hen 
| ¢- 
ao) 
Re 
Li. 


security fuse programming 
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PAL20L8A, PAL20R4A, PAL20RGA, PAL20R8A 
STANDARD HIGH SPEED PAL CIRCUITS 


PRELOAD PROCEDURES 


5V 
Ov 
OUTPUTS DISABLED 


| 
tdis >| je >| ten 
¥ ENABLE PRELOAD | 
A ee hE a Ee ¥ 
100 ns! 
| ~ MIN | 


tw1——> 
APPLY Q’, 


VERIFY NEW 


STATEQ', VERIFY On) +4 


a 


PIN 1 VIH 
(OUTCLK) iste VS ee) tp MMe PES ae tree ey Ss A AS AO 
FIGURE 1. PRELOAD WAVEFORMS 


preload procedure for registered outputs 


Step 1 Pin 13 to VjH, Pin 1 to Vi_, and Vcc to 5 volts. 

Step 2 Pin 14 to ViHH for 10 to 50 microseconds. 

Step 3 Apply Vi, for a low and Vjp for a high at the OQ outputs. 
Step 4 Pin 14 to VIL. 

Step 5 Remove the voltages applied to the outputs. 

Step 6 Pin 13 to VIL. 

Step 7 Check the output states to verify preload. 
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TIBPAL12H10, TIBPAL12L10, TIBPAL12P10 
HIGH PERFORMANCE FIXED-OR IMPACT PAL® CIRCUITS 


JANUARY 1985 


High-Performance Operation TIBPAL12’ 


Propagation Delay . . . 15 ns M SUFFIX . . . JT PACKAGE 
imax 50 MHz C SUFFIX . . . JT OR NT PACKAGE 


(TOP VIEW) 


@ Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 


DEVICE |! INPUTS | O OUTPUTS ere 
CONFIGURATION 


PAL12H10 12 10 ACTIVE HIGH 
PAL12L10 12 10 ACTIVE LOW 
PAL12P10 12 10 POLARITY SELECT 


description 


These programmable array logic devices feature 
high speed and functional equivalency when 
compared with currently available devices. They aL 

combine the latest Advanced Low-Power M SUFFIX... FH OR FK PACKAGE 
Schottky! technology ‘IMPACT’ with proven C SUFFIX .. . FN PACKAGE 
titanium-tungsten fuses. These devices will (TOP VIEW) 

provide reliable, high performance substitutes 
over conventional TTL logic. Their easy 
programmability allows for quick design of 
custom functions and typically result in a more 
compact circuit board. In addition, chip carriers 
are available for further reduction in board space. 


The TIBPAL12P10 allows the user to select 
either active high or active low outputs. This 
feature is provided via a polarity fuse which is 
located on each EXCLUSIVE-OR output. If the 
fuse is left intact, the output polarity will be 
active high. If the fuse is blown, the output will 
be permanently active low. 


The TIBPAL12’ M series is characterized for 
operation over the full military temperature range 
of —55°C to 125°C. The TIBPAL12’ C series 
is characterized for operation from 0°C to 70°C 


3 


Field-Programmable Logic 


Tintegrated Schottky-Barrier diode-clamped transistor is patented 
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TIBPAL12H10, TIBPAL12L10, TIBPAL12P10 
HIGH PERFORMANCE FIXED-OR IMPACT PAL CIRCUITS 


functional block diagrams (positive logic) 


‘PAL12H10 
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TIBPAL14H8, TIBPAL14L8, TIBPAL14P8 
HIGH PERFORMANCE FIXED-OR IMPACT PAL® CIRCUITS ; 


JANUARY 1985 


High-Performance Operation TIBPAL14’ 


Propagation Delay .. . 15 ns M SUFFIX .. . JT PACKAGE 
fmax 50 MHz C SUFFIX . . . JT OR NT PACKAGE 
(TOP VIEW) 


@ Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 


OUTPUT 
DEVICE !INPUTS | O OUTPUTS 
CONFIGURATION 


PAL14H8 14 ACTIVE HIGH 


PAL14L8 14 ACTIVE LOW 
PAL14P8 14 POLARITY SELECT 


description 


These programmable array logic devices feature 
high speed and functional equivalency when 
compared with currently available devices. They 


combine the latest Advanced Low-Power cients ede nee eapsiaee 

tT 4a iad - 7 @, 
Schottky technology ‘‘IMPACT with proven C SUFFIX... FN PACKAGE 2 | 
titanium-tungsten fuses. These devices will (TOP VIEW) eo 


provide reliable, high performance substitutes 
over conventional TTL logic. Their easy 
programmability allows for quick design of 
custom functions and typically result in a more 
compact circuit board. In addition, chip carriers 
are available for further reduction in board space. 


The TIBPAL14P8 allows the user to select either 
active high or active low outputs. This feature 
is provided via a polarity fuse which is located 
on each EXCLUSIVE-OR output. If the fuse is left 
intact, the output polarity will be active high. If 
the fuse is blown, the output will be permanently 
active low. 


The TIBPAL14’ M series is characterized for 
operation over the full military temperature range 
of —55°C to 125°C. The TIBPAL14’ C series 
is characterized for operation from O0°C to 70°C. 
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Tintegrated Schottky-Barrier diode-clamped transistor is patented 
by Texas Instruments, U.S. Patent Number 3,463,975. 
“PAL is a Trademark of Monolithic Memories Inc. 
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an TIBPAL14H8, TIBPAL14L8, TIBPAL14P8 
: HIGH PERFORMANCE FIXED-OR IMPACT PAL CIRCUIT 


functional block diagrams (positive logic) 
‘PAL14H8 
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‘PAL14P8 
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Tif fuse is intact, output is active high. If fuse is blown, output is permanently low. 
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TIBPAL16H6, TIBPAL16L6, TIBPAL16P6 
HIGH PERFORMANCE FIXED-OR IMPACT PAL® CIRCUITS 


JANUARY 1985 


High-Performance Operation TIBPAL16’ 


Propagation Delay .. . 15 ns M SUFFIX . . . JT PACKAGE 
fmax 50 MHz C SUFFIX . . . JT OR NT PACKAGE 


@ Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 


OUTPUT 
DEVICE 1! INPUTS | O OUTPUTS 
CONFIGURATION 


PAL16H6 ACTIVE HIGH 
PAL16L6 ACTIVE LOW 
PAL16P6 POLARITY SELECT 


(TOP VIEW) 


description 


These programmable array logic devices feature 
high speed and functional equivalency when 
compared with currently available devices. They 
combine the latest Advanced Low-Power 
Schottky! technology ‘‘IMPACT”’ with proven 
titanium-tungsten fuses. These devices will 
provide reliable, high performance substitutes 
over conventional TTL logic. Their easy 
programmability allows for quick design of 
custom functions and typically result in a more 432 1282726 
compact circuit board. In addition, chip carriers 
are available for further reduction in board space. 


The TIBPAL16P6 allows the user to select either 
active high or active low outputs. This feature 
is provided via a polarity fuse which is located 
on each EXCLUSIVE-OR output. If the fuse is left 
intact, the output polarity will be active high. If 
the fuse is blown, the output will be permanently 
active low. 


The TIBPAL16’ M series is characterized for 
operation over the full military temperature range 
of —55°C to 125°C. The TIBPAL18’ C series 
is characterized for operation from O°C to 70°C 


TIBPAL16° 
M SUFFIX . .. FH OR FK PACKAGE 
C SUFFIX . . . FN PACKAGE 


(TOP VIEW) 
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grammable Log 
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Field-Pro 


Tintegrated Schottky-Barrier diode-clamped transistor is patented 
by Texas Instruments, U.S. Patent Number 3,463,975. 
PAL is a registered trademark of Monolithic Memories Inc. 
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TIBPAL16H6, TIBPAL16L6, TIBPAL16P6 
HIGH PERFORMANCE FIXED-OR IMPACT PAL CIRCUIT 


functional block diagrams (positive logic) 


‘PAL16H6 


‘PAL16L6 


‘PAL16P6 


Tif fuse is intact, output is active high. If fuse is blown, output is permanently low. 
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High-Performance Operation 
Propagation Delay .. . 15 ns 
fMAX . . . 50 MHz 


@® Functionally Equivalent, but Faster than 


PAL16R8A 


@ Power-Up Clear on Registered Devices 
(All Registered Outputs are Set Low) 


@ Package Options Include Both Plastic and 


PAL16L8A, PAL16R4A, PAL16R6A, and 


TIBPAL16L8, TIBPAL16R4, TIBPALI6RE, TIBPAL16R8 


HIGH-PERFORMANCE IMPACT PAL® CIRCUITS 


Ceramic Chip Carriers in Addition to Plastic 


and Ceramic DIPs 


3-STATE | REGISTERED 
DEVICE | INPUTS 

0 OUTPUTS | Q OUTPUTS 
PAL16L8 10 2 0 


PAL16R4 8 
PAL16R6 


4 (3-state) 
6 (3-state) 
8 (3-state) 


PAL16R8 


description 


1/0 PORTS 


These programmable array logic devices feature 
high speed and functional equivalency when 
compared with currently available devices. They 
combine the latest Advanced Low-Power 
Schottky? technology ‘‘IMPACT”’ with proven 
titanium-tungsten fuses. These devices will 
provide reliable, high-performance substitutes 
for conventional TTL logic. Their easy 
programmability allows for quick design of 
““custom”’ functions and typically results in a 
more compact circuit board. In addition, chip 
carriers are available for further reduction in 
board space. 


The half-power devices offer a choice of 
operating frequency, switching speeds, and 
power dissipation. In many cases, these half- 
power devices are fast enough to be used where 
the high-speed, or ‘‘A’’, devices are used. From 
an overall system level, this can amount to a 
significant reduction in power consumption, with 
no sacrifice in speed. 

The PAL16’ M series is characterized for 
operation over the full military temperature range 
of —55°C to 125°C. The PAL16’ C series is 
characterized for operation from O°C to 70°C. 


Pin assignments in operating mode (pins 1 and 11 less positive than 


VIHH) 


Tintegrated Schottky-Barrier diode-clamped transistor is patented 


by Texas Instruments, U.S. Patent Number 3,463,975. 


PAL is a registered trademark of Monolithic Memories Inc. 
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TIBPAL16L8’ 
M SUFFIX. . . J PACKAGE 
C SUFFIX... J OR N PACKAGE 


(TOP VIEW) 


TIBPAL16L8’ 
M SUFFIX . . . FH OR FK PACKAGE 
C SUFFIX . . . FN PACKAGE 


(TOP VIEW) 
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TIBPAL16R4, TIBPAL16R6, TIBPAL16R8 
HIGH-PERFORMANCE IMPACT PAL CIRCUITS 


TIBPAL16R4’ 
M SUFFIX . . . J PACKAGE 
C SUFFIX. . . J OR N PACKAGE 


(TOP VIEW) 


TIBPAL16R6' 
M SUFFIX . . . J PACKAGE 
C SUFFIX... J OR N PACKAGE 


(TOP VIEW) 


Pin assignments in operating mode (pins 1 and 11 less positive than 


VIHH) 


TIBPAL16R4’ 

M SUFFIX .. . FH OR FK PACKAGE 
C SUFFIX .. . FN PACKAGE 
(TOP VIEW) 
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TIBPAL16R6° 
M SUFFIX .. . FH OR FK PACKAGE 
C SUFFIX . . . FN PACKAGE 


(TOP VIEW) 
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° M SUFFIX . . . J PACKAGE M SUFFIX . . . FH OR FK PACKAGE 
Ko C SUFFIX. . . J OR N PACKAGE C SUFFIX. . . FN PACKAGE 
o (TOP VIEW) (TOP VIEW) 
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TIBPAL16L8, TIBPAL16R4 
HIGH-PERFORMANCE IMPACT PAL CIRCUITS 


functional block diagrams (positive logic) 


‘PAL16L8 


‘PAL16R4 
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TIBPAL16R6, TIBPAL16R8 
HIGH-PERFORMANCE IMPACT PAL CIRCUITS 


functional block diagrams (positive logic) 


‘PAL16R6 
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HIGH-PERFORMANCE IMPACT PAL CIRCUITS 
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Input current to open verify-protect (security) fuse 


TIBPAL1GL8, TIBPAL16R4, TIBPAL16R6, TIBPAL16R8 
HIGH-PERFORMANCE IMPACT PAL CIRCUITS 


An TOS SA SALES PO PPAR I Wi BIRT SNARES EES 2S SARITA FRE URL LANE ONTO RET RIL, MTR PYLON ABEL P SED IN RTE SL BN ATE LE ETS PT SITE IS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Biel VGuGG. Wr ane Mee tT ovata Gee i ee ey dines Syl ear Ler eee ae 7V 
ET Tek RIG eS BS OO ES rs eee eee ae en eee vy ha ke Peer Arana Re ar a 5.5 V 
Wolade applied to.a disabled output (see Note 1). 5.00. oie a ee a ART ee 5.5 V 
Operating free-air temperature range: M suffix... ...... 0.0.0.2. eee eee eee ~§5°C to 125°C 

EE ES Boe. Gece ort is a ed Saal oa ge 0°C'to JOT. 
BcOrgan tOMiImGtatitG TRIN 3. 5-4 55s gonial a cota tbe GS ee 3 se ee hee -65°C to 150°C 


NOTE 1. These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions (see Note 2) 


PARAMETER 


ae pigs af a 


Operating free-air temperature 


NOTE 2. These recommended operating conditions apply for all device dash numbers. Also refer to additional recommended operating 
conditions information pertaining to appropriate device dash number, i.e., —20, —15, etc. 


programming parameters, TA = 25°C 
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High-level input voltage 
Low-level input voltage ee 
os Program-pulse input voltage 10.25. 10.5. .16,25 


PGM ENABLE, L/R 
ice emerge PA 


Pulse duration at PGM VERIFY 100 


Delay time from PGM VERIFY Tf to valid output 
Input voltage at pins 1 and 11 to open verify-protect (security) fuse 


liHH =~ Program-pulse input current 


Vv 


oT a 


Pulse duration to open verify-protect (security) fuse 
Vcc value during security fuse programming 
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TIBPAL16L8, TIBPAL16R4, TIBPAL16R6, TIBPAL16R8 
HIGH-PERFORMANCE IMPACT PAL CIRCUITS 


recommended operating conditions 


five oak fomaney a 
Ed) es Se eee 

ee eens 

al Bote oe 
a: pe ea Bee 


tsy Setup time, input or feedback before CLKT 


th Hold time, input or feedback after CLKT 


NOTE 3: The total clock period of CLK high and CLK low must not exceed clock frequency, foigck. Minimum pulse durations specified 
are only for CLK high or CLK low, but not for both simultaneously. 


electrical characteristics, over recommended operating free-air temperature range 


AERSS ied nadananes | __MSUFFIX—20 | CSUFFIX-15 | ex 
ViK 


MIN TYP MAX | MIN TYP? MAX 
es ee ae oe Pe ee ee 
= MIN, loH = MAX 9t4---: 3:2 2.4 3.3 

20 


= MIN, lo. = MAX 0.25 0.4 


eRe Se 
cc ° See 


= REE ee = ws SI TS 
O. = MAX, Vy = 5.5 V mA 
‘ LR Res See. Ts Sees 
oe NH Vcc = MAX, Vi = 27V uA 
3 | i Ss eee |S: See 
a) Vec = MAX, Vj = 0.4V Cee ec 
=| 
2 fioppn-— Ve = MAX, Vo = 2.25 V ~30 Sey oe tee ~125 
V = MAX, Outputs Open 
5 | icc ce eee 140 190 140 180 
ry) 
= TEor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
@ tAll typical values are at Vcc = 5 V, Ta = 25°C. 
— 8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los. 
© 
© switching characteristics over recommended supply voltage and operating free-air temperature 
. ranges (unless otherwise noted) 
PARAMETER j rom | To TEST CONDITIONS 
3 Se Se ea 
tpd RL = 500 9, 
Ci = 50 pF 
See Note 4 
0, V0 
(vo [0,170 
tAIl typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 4: Load circuits and voltage waveforms are shown in Section 1. 
U 
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TIBPAL16L8, TIBPAL16R4, TIBPAL16R6, TIBPAL16R8 
LOW-POWER HIGH-PERFORMANCE IMPACT PAL CIRCUITS 


recommended operating conditions 


oe nee 
th Hold time, input or feedback after CLKT SES SASS ae 


NOTE 3: The total clock period of CLK high and CLK low must not exceed clock frequency, fci9ck. Minimum pulse durations specified 
are only for CLK high or CLK low, but not for both simultaneously. 


electrical characteristics over recommended operating free-air temperature range 


ae LI | _MSUFFIX—30 | CSUFFIX—25 | 
MIN TYP MAX | MIN TYP? MAX 


Le See Wars: Sere Ce 
Vec = MIN. low = MAX za 
Voc = MIN, lou = MAX 


lozy LOutputs | = MAX Vn a2? 7-¥ 
1/O ports cc ' Sie 


Vo = 


Vi 


Ver = MAX Vee 27 REELS, A 


rer ae 
fiof——ss«d Vc = MAX, Vg = 2.25.V 30 -125 | -30 -125 


V = MAX, Outputs Open 
Icc ve “ee i rng 75 105 75 100 


Teor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
All typical values are at Vcc = 5 V, Ta = 25°C. 
8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios. 


switching characteristics over recommended supply voltage and operating free-air temperature ranges 
(unless otherwise noted) 


MIN TYP MAX | MIN TYP? MAX 
fe SRT | ete 


Ri = 
Ci = 50 pF, 
See Note 4 


+All typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 4: Load circuits and voltage waveforms are shown in Section 1. 
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TIBPAL16L8, TIBPAL16R4, TIBPAL16R6, TIBPAL16R8 
HIGH-PERFORMANCE IMPACT PAL CIRCUITS 


PRODUCT TERMS 0 THRU 31 
(TOP VIEW) 


PGM ENABLE []1 201] Voc 


PGM VERIFY [ }1 


PIO | j2 19] | PO3 
Pi1 LJ3 18] } PO2 
Pi2 Lj4 171 | PO1 
PI3 LJ5 161 | POO 
Pi4 LJé 151] PAO 
PI5 L}7 14] | PA1 
PI6 Lj8 13] ] PA2 
PI7 |j9 121 | L/R 
= GND [}10. 11. ] PGM VERIFY 


Pin assignments in programming mode (PGM ENABLE, pin 1 or 11, at Vipy) 


TABLE 1 — INPUT LINE SELECT 


PRODUCT TERMS 32 THRU 63 


(TOP VIEW) 
oe 20} | Vcc 


PIO Lj2 191] L/R 
Pl1 Lj3 18] | PAO 
PI2 L}4 171 | PA1 
Pi3 Lj5 16] | PA2 
PI4 L]6 15] | PO3 
PIS |]7 14] ] PO2 
Pi6 L]8 131} PO1 
Pi7 L}9 121] POO 
GND [}10 


TABLE 2 — PRODUCT LINE SELECT 


111. }] PGM ENABLE 


INPUT PIN NAME PRODUCT] INNAME 
NUMBER | PI7 PI6 PI56 PI4 PIZ PI2 PI1 PIO L/R NUMBER 

fe) HH HH HH HH HH HH HH L-~ 2Z 0, RES 
1 HH HH HH HH HH HH HH H-~ 2Z 1, ’ er 3 

7" 2 HH HH HH HH HH HH HH L_ HH 3: pS 

D 3 HH HH HH HH HH HH HH 4H __ HH 3, r ae 

roi 4 HH HH HH HH HH HH L- HH 2Z 4, ZZ 272 

“5 5 HH HH HH HH HH HH HH Z 5, z Z 

} 6 HH HH HH HH HH HH L ~ HH_ HH 6, : iS 

To) 7 HH HH HH HH HH HH HH HH 7, ” da ae 

o 8 HH HH HH HH HH L HH HH Z 8, eee z 

a 9 HH HH HH HH HH H_-~ HH HH 2Z 9, > ey Z 

= 10 HH HH HH HH HH L- HH HH HH 10, et Z 

= 11 HH HH HH HH HH H- HH HH HH 11, | AD Z 

y 12 HH HH HH HH L HH HH HH 2Z 12, 2 Z 

pei 13 HH HH HH HH H- HH HH HH 2Z 13, : Z 

ro) 14 HH HH HH HH L~ HH HH HH HH 14, Tee Z 

2. 15 HH HH HH HH HHH HH HH_ HH 15, ee z 

© 16 HH HH HH L HH. HH HH HH Z 16, z avES 
17 HH HH HH H- HH HH HH HH Z 17, Z Rei 
18 HH HH HH L HH HH HH HH HH 18, Z : OG 1 
19 HH HH HH H- HH HH HH HH HH 19, Z See 
20 HH HH L HH HH HH HH HH 2Z 20, Z Zo ge 
21 HH HH H HH HH HH HH HH Z 21 Z ZVc2 
22 HH HH L HH HH HH HH HH HH 22 Z + REY 
23 HH HH H HH HH HH HH HH HH 23, Z Ze 
24 HH L HH HH HH HH HH HH 2Z 24, Z-3 -9- 4 
25 44 HH HH HH HH HH HH 2Z 25 rane 2 pameey « 
26 HH L = HH HH HH HH HH HH HH 26 ) teeieee Sawle 
27 HH H HH HH HH HH HH’ HH HH 27, 2. SECS 
28 L HH HH HH HH HH HH HH 2Z 28, N.S Z 
29 H HH HH HH HH HH HH HH Z 29, ” ear Ree 
30 L = HH HH HH HH HH HH HH HH 30, | IR! BRE? 
31 H HH HH HH HH HH HH HH_ HH 31 Re 2 eae 

L= Vic. H = Viy. HH = Vipp, Z = high impedance (e.g., 10 kQ to 5 V) 
4 
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TIBPAL16L8, TIBPAL16R4, TIBPAL16R6, TIBPAL16R8 2 
HIGH-PERFORMANCE IMPACT PAL CIRCUITS ies 


programming procedure for array fuses 


Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the 
appropriate (one of 32) input line and then pulsing the correct (one of 64) product line. The levels for selecting 
input lines and product lines are shown in Tables 1 and 2. 


Step 1 Raise PGM ENABLE to VjHH. 

Step 2 Select an input line by applying appropriate levels to L/R and PI pins. 

Step 3 Begin selection of the output line with appropriate conditions on PA pins. 

Step 4 Raise VCC to ViHH. . 

Step 5 Blow the fuse by pulsing the appropriate PO pin to ViHH as shown in Table 2 for the product 
line. 

Step 6 Return Vcc to 5 volts and pulse PGM Verify. The PO pin selected in Step 5 will be less than 


VOL if the fuse is open. 


Steps 1 through 6 may be repeated if the verification does not indicate that the fuse was successfully 4 
programmed (blown), but no more than four times. Verification is possible only with the verify-protect : 
fuse intact. 


programming waveforms 


PGM ENABLE 
oO g it ns 
— 
SELECTED D 
PI, L/R,PA S 
PINS (See 
Tables 1 and 2) = 
o 
Vcc J 
co. 
om 
SELECTED ° 
he 
PO PINS 9,9,9,9,9,9.9 0.9 9,9,9,9,9,9,9,9 ARAAAA AAP AAAAARAAARAARARAR RD : 
} 
(See Table 2) Xe XXX KG EXX EXE EXER ARR KAREN a. ; 
(y MA YK Xx x ae 0%! KA Vveeea i MMP VPP POV 99, 9,9,9,0,9,9,9,0,0,0,0,0,9 ae) 
oe 
® 
greeny 
LL. 


> 
ViH 
PGM VERIFY | | 
ViL 


@) A high level during verify interval indicates that programming has not been successful. 


(2) A low level during verify interval indicates that programming has been successful. 


security fuse programming 


PIN 11 . 
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TIBPAL18H4 
TIBPAL1 8L4 
TIBPAL1 8P4 


TIBPAL18H4, TIBPAL18L4, TIBPAL18P4 


HIGH PERFORMANCE FIXED-OR IMPACT PAL® CIRCUITS 


High-Performance Operation 
Propagation Delay ... 15 ns 
fmax ... 50 MHz 


Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 


OUTPUT 
DEVICE ! INPUTS | O OUTPUTS “ 
CONFIGURATION 


ACTIVE HIGH 
ACTIVE LOW 
POLARITY SELECT 


description 


These programmable array logic devices feature 
high speed and functional equivalency when 
compared with currently available devices. They 
combine the latest Advanced Low-Power 
Schottky? technology ‘‘IMPACT”’ with proven 
titanium-tungsten fuses. These devices will 
provide reliable, high performance substitutes 
over conventional TTL logic. Their easy 
programmability allows for quick design of 
custom functions and typically result in a more 
compact circuit board. In addition, chip carriers 
are available for further reduction in board space. 


The TIBPAL18P4 allows the user to select either 
active high or active low outputs. This feature 
is provided via a polarity fuse which is located 
on each EXCLUSIVE-OR output. If the fuse is left 
intact, the output polarity will be active high. If 
the fuse is blown, the output will be permanently 
active low. 


The TIBPAL18’ M series is characterized for 
operation over the full military temperature range 
of —55°C to 125°C. The TIBPAL18’ C series 
is characterized for operation from O°C to 70°C. 


T integrated Schottky-Barrier diode-clamped transistor is patented 
by Texas Instruments, U.S. Patent Number 3,463,975. 
PAL is a registered trademark of Monolithic Memories Inc. 


PRODUCT PREVIEW 
This document contains information 
on a product under development. 
Texas Instruments reserves the right 
to change or discontinue this product 
without notice. 
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TIBPAL18' 
M SUFFIX. . . JT PACKAGE 
C SUFFIX .. . JT OR NT PACKAGE 


(TOP VIEW) 


TIBPAL18’ 
M SUFFIX .. . FH OR FK PACKAGE 
C SUFFIX .. . FN PACKAGE 


(TOP. VIEW) 


Copyright © 1985, Texas Instruments Incorporated 
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TIBPAL18H4, TIBPAL18L4, TIBPAL18P4 
HIGH PERFORMANCE FIXED-OR IMPACT PAL CIRCUIT 


functional block diagrams (positive logic) 


‘PAL18H4 


o eo 8S 6 


Ge i 


‘PAL18P4 


a! 
cs 
a) 
= 
° 
a) 
bem 4 
o 
s 
3 
o 
= 
© 
° 
vod 
rs) 


Tif fuse is intact, output is active high. If fuse is blown, output is permanently low. 
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TIBPAL20H2, TIBPAL20L2, TIBPAL20P2 
HIGH PERFORMANCE FIXED-OR IMPACT PAL® CIRCUITS 


JANUARY 1985 


High-Performance Operation TIBPAL20’ 
Propagation Delay ... 15 ns M SUFFIX .. . JT PACKAGE 
fmax . - - 50 MHz C SUFFIX . . . JT OR NT PACKAGE 

(TOP VIEW) 


@® Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 


ACTIVE HIGH 


ACTIVE LOW 
POLARITY SELECT 


description 


These programmable array logic devices feature 
high speed and functional equivalency when 
compared with currently available devices. They 
combine the latest Advanced Low-Power TIBPAL20° 
Schottky? technology ‘IMPACT’ with proven Me SURPIN.« «> ET OR ER. PACKAGE 
a. C SUFFIX .. . FN PACKAGE 
titanium-tungsten fuses. These devices will (TOP VIEW) 

provide reliable, high performance substitutes 

over conventional TTL logic. Their easy 
programmability allows for quick design of 
custom functions and typically result in a more 
compact circuit board. In addition, chip carriers 
are available for further reduction in board space. 


The TIBPAL2O0P2 allows the user to select either 
active high or active low outputs. This feature 
is provided via a polarity fuse which is located 
on each EXCLUSIVE-OR output. If the fuse is left 
intact, the output polarity will be active high. If 
the fuse is blown, the output will be permanently 
active low. 


The TIBPAL20’ M series is characterized for 
operation over the full military temperature range 
of —55°C to 125°C. The TIBPAL20’ C series 
is characterized for operation from 0°C to 70°C 


2 
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Tintegrated Schottky-Barrier diode-clamped transistor is patented 
by Texas Instruments, U.S. Patent Number 3,463,975. 
PAL is a registered trademark of Monolithic Memories Inc. : 
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| TIBPAL20H2, TIBPAL20L2, TIBPAL20P2 
| HIGH PERFORMANCE FIXED-OR IMPACT PAL CIRCUITS 


functional block diagrams (positive logic) 


‘PAL20H2 


3 
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Tif fuse is intact, output is active high. If fuse is blown, output is permanently low. 
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10 | 
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL® CIRCUITS s 


84 


Choice of Operating Speeds 
HIGH PERFORMANCE .. . 40 MHz 
Typical 
HALF-POWER .. . 25 MHz Typical 


Preload Capability on Output Registers 
Power-Up Clear on Registered Devices 


Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 


3-STATE REGISTERED 1/0 
DEVICE | INPUTS 
0 OUTPUTS Q OUTPUTS PORTS 
‘PAL20L10 12 2 (0) 8 
‘PAL20X4 10 4 (3-state buffers) 
8 (3-state buffers) 


‘PAL20X8 
‘PAL20X10 10 (3-state buffers) 


description 


These programmable array logic devices feature 
high speed and functional equivalency when 
compared with currently available devices. They 
combine the latest Advanced Low-Power 
Schottky? technology ‘‘IMPACT’‘with proven 
titanium-tungsten fuses. These devices will 
provide reliable, high performance substitutes 
over conventional TTL logic. Their easy 
programmability allows for quick design of 
custom functions and typically result in a more 
compact circuit board. In addition, chip carriers 
are available for further reduction in board space. 


The Half-Power versions offer a choice of 
operating frequency, switching speeds, and 
power dissipation. In many cases, these Half- 
Power devices are as fast as the currently 
available ‘‘standard’’ devices. 


All of the registered outputs are set to a low level 
during power-up. In addition, extra circuitry has 
been provided to allow loading of each register 
asynchronously to either a high or low state. This 
feature simplifies testing because the registers 
can be set to an initial state prior to executing 
the test sequence. 


Tintegrated Schottky-Barrier diode-clamped transistor is patented 
by Texas Instruments, U.S. Patent Number 3,463,975. 
PAL is a registered trademark of Monolithic Memories Inc. 


PRODUCT PREVIEW 
This page contains information on a 
product under development. Texas 
Instruments reserves the right to 
change or discontinue this product 
without notice. 
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TIBPAL20L10’ 
M SUFFIX .. . JT PACKAGE 
C SUFFIX . . . JT OR NT PACKAGE 


(TOP VIEW) 


TIBPAL20L10’ 
M SUFFIX . . . FH OR FK PACKAGE 
C SUFFIX .. . FN PACKAGE 
(TOP VIEW) 


Pin assignments in operating mode (pins 1 and 11 less positive than 
VIHH) 


Copyright © 1984, Texas Instruments Incorporated 
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_ TIBPAL20X4, TIBPAL20X8, TIBPAL20X10 


& HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS 


TIBPAL20X4’ 

ae M SUFFIX . . . JT PACKAGE 
eae C SUFFIX . . . JT OR NT PACKAGE 
eae ; (TOP VIEW) 


TIBPAL20X8’ 
M SUFFIX . . . JT PACKAGE 
C SUFFIX . . . JT OR NT PACKAGE 


~  ‘TIBPAL20X4’ 
M SUFFIX .. . FH OR FK PACKAGE 
C SUFFIX . . . FN PACKAGE 


(TOP VIEW) 
x 
oa 
O 
i O 
a OO O-O 
tes ares, oe ee 
2 1 2B 
11]5 25[]1/O 
1[]6 241}Q 
1{}7 23|}.Q0 
NC {]8 221} NC 


15161718 


er Foes 6 ee T oe 
aw I = Co ©) 
Pu Ss SS 


TIBPAL20X8’ 
M SUFFIX . . . FH OR FK PACKAGE 
C SUFFIX . . . FN PACKAGE 


(TOP VIEW) (TOP VIEW) 
< 
as a _ 
7 =) ~252 3280 
ig — TLL 
or a 21 
Sage ifs 25[]Q 
in | 
per 1 (6 24|}Q 
y oS 117 23[} O 
oe Nc {]8 22[} NC 
3 1110 20[] a 
.. 1{j11 191} Q 
a S 15 16 1718 
j ake @O m cass Taw J com 8 sem 
Lose = OOS 
aor e 2 Zi 
cat - 
3. 
; be ro ta TIBPAL20X10’ TIBPAL20X10’ 
eae oe M SUFFIX. . . JT PACKAGE M SUFFIX . . . FH OR FK PACKAGE 
fe . C SUFFIX .. . JT OR NT PACKAGE C SUFFIX .. . FN PACKAGE 
Poa (TOP VIEW) (TOP VIEW) 
‘ A; 
15161718 
; Pin assignments in operating mode (pins 1 and 11 less positive than Vj}y) 
U 
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TIBPAL20L10, TIBPAL20X4 
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS 


functional block diagrams (positive logic) 


‘PAL20L10 


‘PAL20X4 


OE Cl EN2 
OUTCLK > C1 
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~ denotes fused inputs 
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TIBPAL20X8, TIBPAL20X10 
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS 


functional block diagrams (positive logic) 
‘PAL20X8 


OE 
OUTCLK 
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~ denotes fused inputs 
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PRODUCT . 
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TIBPAL20L10 
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS 


INPUT LINES 
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ss TIBPAL20x4 
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS 


INPUT LINES 
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TIBPAL20X8 
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS 
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TIBPAL20X10 
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS 
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HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS 


AE ES ED OEY NPAT PIE BESTE EB EPI OS TD EE ETE BE IEEE BBO AOS TS BON ARE LELIEL ELE ENE BEER IN TLS Te TE Se CTE INET ELEC DIG ELE DEP LLLED DLE EL SERRA SSI LLL IIIS SOLIDE IEDY 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Bip ory -VOUege, VOC (BBO Pile ena whe ed 9-4 eee eae oe eo Ch wwe eee SS ap 
Fie ie EP Oe 8 eee oe a ee oe aie geben eda ie be SRS 5.5:¥ 
Voltage applied to a disabled output (see Note 1).............. 2.0... eee eee eee eee 5.5-¥ 
Operating free-air temperature range: M suffix..................2.0..000. — 55°C toto 

SSE TREE OS ae Le Rae Rn Merck, Ceo a PRE et 5 Sia O°G t0 JO 
StOrade teininere thie (ammeter ee yee ee Ra Ld 2 ons Ree ee - 66°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


[MSUFFIX | __C SUFFIX 
| [MIN NOM MAX| MIN NOM MAX |. 
Vcc Supply voltage : 4.5 5 5.5| 4.75 5 5.25 


VIL 


PARAMETER - 


Low-level input voltage 
High-level output current 
Low-level output current 
Operating free-air temperature 


ol 


Vcc Verify-level supply voltage (4, 
High-level input voltage 
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: Hold time PO (Vi}H}H) after Vcc! = ae 
‘ OE Sree ha 
Hold time OE high after POL Te x 
ftgi1 | Delay time from OE low tc PGM VERIFY? ae 
Delay time from PGM VERIFY? to valid output Fas 
BSS Input voltage at pins 1 and 13 to open verify-protect (security) fuse S74 
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10 
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS 


recommended operating conditions 
SUFFIX [6 SUFFIOO Ty 
MIN TYP MAX] MIN TYP MAX 


en 
Pulse duration, clock 


Setup time, input or feedback before OUTCLKT See ee ES Be eee eee 
= Hold time, input or feedback after OUTCLKt Cag Re preacenes Bete Nit Seen SES 


electrical characteristics over recommended free-air operating temperature range 


M SUFFIX-XX C SUFFIX-XX 
PARAMETER TEST CONDITIONSt UNIT 


SRE IRSA PARIS UTR: | 5. 41 | ACNE 3 AR) te EL 
> ae Vcc = MIN, lon = MAX 
eas Vec = MIN, lo = MAX 

eee 
eC 


V 
| =20 
loz SON 7 ae ad 0 =o 


Vv 
V 
Vv 


1 [ue Voc = MAX, Vj = 27V 
a Voc = MAX, vi = 04V 
¥ Voc = MAX, Vj = <s 
a 
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
ico} 
Py +All typical values are Vcc = 5 V, Ta = 25°C. 
a The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, los. 
2 switching characteristics over recommended operating free-air temperature range (unless otherwise 
& noted) 
@ 
[Mi SUFFICXX | _© SUFFICXX 
| 8 PARAMETER TO TEST CONDITIONS ; ; 
eo) MIN TYP* MAX | MIN TYP of Ee 
<= 
ms max 
i?) 


OUTCLKT R_ = 500 Q, 


os See Note 2 


All typical values are at Vec = 5 V. Ta = 25°C. 


NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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recommended operating conditions 


MIN TYP MAX | MIN TYP MAX 


felock Clock frequency 0 25 8) 


tw Pulse duration, clock 2 ee 


tsy Setup time, input or feedback before OUTCLKT Se 
th Hold time, input or feedback after OUTCLKT Ley a i aed 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
All typical values are Vcc = 5 V, Ta = 25°C. 
8The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, Igs. 


switching characteristics over recommended operating free-air temperature range (unless otherwise 


noted) 
T TEST CONDITIONS |_M SUFFIX-XX_ | -_C SUFFIX-XX__| UNIT 


PARAMETER 


Pa 
Re a 
ip J CUTOUT foo]. = OOO oe 
pre Sean Wl: Sea oee ok ae CL = 50 pF Ree Pe eee eee 
‘es eee BE Sots toe ‘See Note 2 ates Seren ees eee 
| eee a ee 
nes, es ae 


+All typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10 
HIGH PERFORMANCE HALF-POWER EXCLUSIVE-OR IMPACT PAL CIRCUITS 


PTS: ee | 
Vec = MIN, = 18 mA a ete, 
Vcc = MIN, lon = MAX 
Voc = MIN, lo. = MAX 
PS PEI ES 
| ee ee 
ee a 
2 SS a Vec = MAX, Vi = 5.5V MerES sc Ke eee 
Lc ee Voc = MAX, Vi = 2.7V 
Vec = MAX, Vi = 04V es SA Se Re 
ee Vee = MAX, Vo = 2.25 V 
Voc = MAX, Vi = OV, 
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10 
HIGH PERFORMANCE EXCLUSIVE-OR PAL CIRCUITS 


PRODUCT TERMS 
(TOP VIEW) 


Pin assignments in programmming mode (PGM ENABLE, pin 11 at VjyH) 


TABLE 2. PRODUCT LINE SELECT 
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10 


INPUT LINE SELECT 


TABLE 1. 
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HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS 


programming procedure for array fuses 


Array fuses are programmed by excuting the following programming sequence. Each fuse can be opened 
by selecting the appropriate (one of 40) input line and (one of 80) product line. The levels for selecting 
input lines and product lines are shown in Tables 1 and 2. 


Step 1 
Step 2 
Step 3 


Step 4 
Step 5 
Step 6 
Step 7 
Step 8 
Step 9 


Raise PGM ENABLE to VjHH. 

Select an input line by applying appropriate logic levels to Pl pins. 

Select a product line group by applying appropriate logic levels to PA pins. The actual product 
line selected will be determined by the PO pin (described in Step 5). 

Raise OE to Vip. 

Raise the selected PO pin to VjHH. 

Program the fuse by pulsing Vcc to VjHH. 

Remove the output voltage 

Lower OE to Vj, to enable device 

Verify the blowing of the fuse by checking for a VoL, at the selected PO pin. Register devices 
require a position pulse on the PGM verify pin. 


Steps 1 through 9 may be repeated if the verification does not indicate that the fuse was successfully 


programmed (blown), but no more than four times. Verification is possible only with the verify-protect 
fuse intact. 


programming waveforms 
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TIBPAL20L10, TIBPAL20X4, TIBPAL20X8, TIBPAL20X10 
HIGH PERFORMANCE EXCLUSIVE-OR IMPACT PAL CIRCUITS 


PRELOAD PROCEDURES 


5V 


Vcc / \ 
OV 


OUTPUTS DISABLED 


ViH 
OE 
ViL | 1 
tdis—p| je— ~—y l¢—ten 
ame | ENABLE PRELOAD | 
| 100 ns 
PIN 14 : 7 le- min 
| 
V | | 
IL 
APPLY Q’, | 
ViKH -————-—— .- —--+-- 
| 
| 100 ns | VERIFY NEW 
" Vey VERIFY STATE Q,, | MIN {. Sgrate:o’, VERIFY O'n 4 
OH va%ataa%atatatatatavatats at AtaravAa’ VV Vata at ata alata aray, 
OXKKXAKKAKAAKAKAKAAAY OOOO OOOO XOXO 
0.00.0.090000000 0000004 G9,9,9,0,9,0,0,9,0.0.0.0,9.0.0.9.0.. 
VoL, SASSSSSS SY | 


ibs 
Eh 


pina IH | 
(OUTCLK) ViL 
FIGURE 1. PRELOAD WAVEFORMS 


preload procedure for registered outputs 


Step 1 Pin 13 to VjH, Pin 1 to Vi_, and Vcc to 5 volts. 

Step 2 Pin 14 to ViHH for 10 to 50 microseconds. 

Step 3. Apply an open circuit for a low and V|HH for a high at the OQ outputs. 
Step 4 Pin 14 to VIL. 

Step 5 Remove the voltages applied to the outputs. 

Step 6 Pin 13 to VIL. 

Step 7 Check the output states to verify preload. 


_Field-Programmable Logic | 


security fuse programming 


0,0, 0,0,0.9,.9,.9.9,9,9, 99,9 99 99.9.9,9, 
OOOO? CCS 
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HIGH PERFORMANCE REGISTERED-INPUT PAL® CIRCUITS 


@ Choice of Operating Speeds 


HIGH PERFORMANCE .. . 30 MHz Max 
HALF-POWER . . . 20 MHz Max 


@ Preload Capability on Output Registers 


3-STATE REGISTERED 
DEVICE 1/D INPUTS | | INPUTS 1/0 PORTS 
0 an Q OUTPUTS 


‘PALR19L8 
‘PALR19R4 
‘PALR19R6 
‘PALR19R8 


description 


These programmable array logic devices feature high 
speed and functionality similar to the TIBPAL16L8, 
16R4, 16R6, 16R8 series, but with the added 
advantage of D-type input registers. If any input 
register is not desired, it can be converted to an input 
buffer by simply programming the architectural fuse. 


Combining Advanced Low-Power Schottky? 
technology, with proven titanium-tungsten fuses, 
these devices will provide reliable high performance 
substitutes over conventional TTL logic. Their easy 
programmability allows for quick design of custom 
functions and typically result in a more compact circuit 
board. In addition, chip carriers are available for further 
reduction in board space. The Half-power devices offer 
a choice of operating frequency, switching speed, and 
power dissipation. 


All of the registered outputs are set to a low level 
during power-up. In addition, extra circuitry has been 
provided to allow loading of each register 
asynchronously to either a high or low state. this 
feature simplifies testing because the registers can be 
set to an initial state prior to executing the test 
sequence. 


INPUT REGISTER FUNCTION TABLE 


OUTPUT OF 
INPUT REGISTER 


Tintegrated Schottky-Barrier diode-clamped transistor is patented 
by Texas Instruments, U.S. Patent Number 3,463,975. 
PAL is a registered trademark of Monolithic Memories Inc. 


PRODUCT PREVIEW . 
This document contains information 
on a product under development. 
Texas instruments reserves the right 
to change or discontinue this product 
without notice. 
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@ Power-up Clear on Registered Devices 
@ DIP Options Include Both 300-mil Plastic 


and 600-mil Ceramic 


4 ioe buffers) 
6 (3-state buffers) 
8 (3-state buffers) 


TIBPALR19L8' 


M SUFFIX . 
C SUFFIX . 


oO 
ix (o) 
ad ® 
De 
= > 
£ 3 
TIBPALR19L8’ © # 
M SUFFIX .. . FH OR FK PACKAGE D ; 
C SUFFIX . . . FN PACKAGE oO 
(TOP VIEW) ce 
% _ 
a9 980 = 
= ieharctereres 2 
Se a3 A 


tPin 14 is also used for the preload 


. JW ORNT PACKAGE * 
(TOP VIEW) 


. JW PACKAGE 


25{} 1/0 
24[} 1/0 
23{} /O 
22[] NC 
211] 1/0 
20{] 1/0 
19{] 1/0 


Pin assignments in operating mode (voltage at pins 1 and 13 less 


than ViHH) 


Copyright © 1985, 


Texas Instruments Incorporated 
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er TIBPALR19R4’ TIBPALR19R4’ 

=. M SUFFIX . . . JW PACKAGE M SUFFIX .. . FH OR FK PACKAGE 
= C SUFFIX... . JW OR NT PACKAGE C SUFFIX... FN PACKAGE 

a (TOP VIEW) (TOP VIEW) 


xr men ake 25{] 0 
a vo 16 24{] a 
rt /D {7 23{} Q 
: Nc []8 22{} NC 
i 1/D [j9 21|} Q 
ra 1/D [10 20[] a 
= 1/D 19 /O 
~ 14 15161718 
4 oe 8 ee 5 ee 2 et 8 = 
3 ecesls ue 
; oO o 
3 2 
: TIBPALR19R6’ TIBPALR19R6’ 
M SUFFIX . . . JW PACKAGE M SUFFIX . . . FH OR FK PACKAGE 
C SUFFIX .. . JW OR NT PACKAGE C SUFFIX .. . FN PACKAGE 
(TOP VIEW) {TOP VIEW) 
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mat Qaqa200a00 
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ce — me De SE ees je | 
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ee Vp [10 20{] a 
a: 3 /D 9} Q 
Eee 7) 718 
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== =>2-210 %> 
Soreew Oo 5) 
eee. ral 2 
ae > 
= Q 
Fi “i 2) TIBPALR19R8' TIBPALR19R8’ 
a M SUFFIX . . . JW PACKAGE M SUFFIX . . . FH OR FK PACKAGE 
r rs et C SUFFIX .. . JW OR NT PACKAGE C SUFFIX .. . FN PACKAGE 
rae. * (TOP VIEW) (TOP VIEW) 
: ouTcLk [fi Vec ~ 
WD | 42 /D 
VD L]3 Q 
/D | j4 e) 
e /D [_}5 Q , 
3 VD Ce Q pie 5 
+ vo Ch Pe /D LJ6 
/D | |g re) ce i#! 
/D [fp Q /D jg 
2 1/D [}10 Q : Pio 
VD [11 INCLKT i 
GND [}12 OE 
NC —No internal connection 
TPIN 14 is also used for preload 
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HIGH PERFORMANCE REGIST 


functional block diagrams (positive logic) 
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TIBPALR19R6, TIBPALR19R8 
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS 


functional block diagrams (positive logic) 
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HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS 
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HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS 
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TIBPALR19R6 
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS 
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TIBPALR19R8 
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS 


outcik © 


INPUT LINES 


(23) 1/D 


PRODUCT 
LINES 


(22) , 


(21) 6 


i 
a 
* 
a 
i 
a 
me 
z 
w 
" 
2 
& 
: 
o 
FT 
a 
: 
Wek 
e 
4 
i 
* 
mt 
a 
t 
% 
I 
| 
/\ 


(20), 


OO 


5119), 


= 
s 
| 
an 
e 
f 
& 
5 
f 
4 
e 
* 
ee 
ea 
te 
we 
Mm 
& 
e 
nd 
err 
iia a 
BER 
age 
£ 
& 
« 
€ 
ane 
er 
ee 
rs 
a 
oe 
RRS 
co 
sem 
Hit 
UUs 
batik | 
/\ 


(18), 


in7). 


7] sjqewwes6oig-pjal4 
i 
: 
i 
: 
: 


9160 
4 
| 
i 
i | 
Bac] 
| 
| 
oR bed 
| 
/\ 


16 
(16), 


FL 15), 


a8 
wma 
ae 
ci Pope tt rr) 
‘ ‘ Bowe a ttt} HH 
e 
eet. a bt Se ie eee | 


J 
at free BF 
/D 
Be 


i: HH") inci 


op!3) oF 


wip 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


3-78 


~~ 2 eet FT => - 


—- . ~ _ — Ae 


2 7 ak ee oo eS gis al np a : ult Se “ns tee SSS ee, IPRs ~» me Op ene oe ¥ = - 
~ é Sty SASS ins PP ay4 a oe | hae OS AY ete Se Sete , a es = ta os x a ar = ! 
: +e! Petar aed fp oes 2 ae ee Aenke St ig ese . oe Sig i : 
gatergtan Pee. ibs) tas Ae Sane oe ‘ 
Nye so~ a tes eld 3 


~#. 
* i 4 
~ 


TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8 | 
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS 


RS RC aR PR SW TT DAR et aig ea a EI INE RET EY EFS REA OS RNS ETS US SN Rs ESE TL BSE RE 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


PEMA, Wear CO Wie ESE ang ce Pay A ote ew Pe Seah SER ten we 4 Oe a 7V 
EPPA RAC UNCED: CO TINO Noga 20852 Pai rec cde bm as a adel A ok aes. Sak Bg re E ,  S 55 ¥ 
Voltage applied to:a disabled output: (see Note 1). .cs.... 6 ae oe kl ee ee 5.5. ¥ 
Operating free-air temperature range: M suffix......0...........00022005.4 —55°C to 125°C 

NOE Tg RRS Noe a iene eset Bre Pea eS ee 2 O°C. te 7076 
Siaraon TG6MoOmr atti ANGe <20 tae oe ee es RAG Ok sted ee ee ~65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during preload cycle. 


recommended operating conditions (see Note 2) 


[Mm SUFFIX | __© SUFFIX 
UNIT 


Vcc Supply voltage 4.5 5 5.5 14.75 5 5.25 
ViH High-level input voltage 2 5. 
VIL 
|OH 


o1 


Low-level input voltage REED 
OH High-level output current 
IOL Low-level output current 12 


TA Operating free-air temperature —55 125 0 70 


NOTE 2: These recommended operating conditions apply for all device dash numbers. Also refer to additional recommended operating conditions information 
pertaining to appropriate device dash numbers. 


programming parameters, TA = 25°C 


ee ae eg We a ee 
VIH High-level input voltage 
Vib : 
OH ___High- 


PGM ENABLE, L/R a 
mA 


liHH _Program-pulse input current 


tw Program-pulse duration at PO or I/D pins 
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TIBPALR19L8, TIBPALR19R4, TIBPALRISRG, TIBPALR19QR8 tS 
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS 


recommended operating conditions 


[W SUFFIXXK [6 SUFFIX 
MIN TYP MAX] MIN TYP MAX 


tw Pulse duration, clock 


tsu Setup time, input or feedback before 


th Hold time, input or feedback after INCLKT or OUTCLKT 


2 G 
N a 


electrical characteristics over recommended free-air operating temperature range 


[_M SUFFIXXX | _© SUFFIXXX 
PARAMETER TEST CONDITIONST 7 U 
MIN TYP x | MIN TYP? MAX 
I 
2 


wW 
Ww 
| 
or 


Vik Veo = MIN, i= ~18mA Arenas «5 cS eees 
Veo = MIN, oH = MAX 243. Poe 
VOL Vcc = MIN, lo. = MAX 0.25 4 0.35 0.5 


o 


oO 
oO 


1OZH Vcc = MAX, Vin = 2.7 V 


NIT 
MA 
V 
x fe’. V 
; O. : 
20 
uA 
ws 0 ports 
pom | loz e Vec = MAX, = Vip = 0.4 V yA 
= 70 ports 
2 re | an 
i Sen eeeS ne QUEL AG 
ae 
a SPE aeee SE Se RE 
a8 ee 3 eee 
ee | eat 5S GS eee 
ae | /D Inputs ae SS See ae, 
ae All others 
6 fol vec = wax, vg = 228 i ee 
pci Vcc = MAX, Vv) = OV, | 
iy oO Outputs open 
2, TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
oe t All typical values are Vec = 5 V. Ta = 25°C. 
eae ; —8The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, los: 
Pas 
pol 
te, 
ee 
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ae TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8 
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS 


switching characteristics over recommended operating free-air temperature range (unless otherwise noted) 


INPUT TEST M SUFFIX-XX C SUFFIX-XX 
PARAMETER TO UNIT 

MODE CONDITIONS MIN TYPt MAX] MIN TYPt MAX 
et 
aaa? Re RS 5 a 2 Se a Ss are Se Se TS 
7, VO Buffered BERRA Say RIE OD 
7D, 70 Buffered 


TAll typical values are Voc = 5 V, Ta = 25°C. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8 s 
HIGH PERFORMANCE HALF-POWER REGISTERED-INPUT PAL CIRCUITS 


recommended operating conditions 


[—M SUFFIKXX | C SUFFIX] 
MIN TYP MAX | MIN~ TYP MAX 


ee ey 
Puan 
oe 
AS a meats 
iericsnccesas 
pee ee 
Se hae 
Fe semen Ais 


PARAMETER TEST CONDITIONS? ; : 
MIN TYP MAX | MIN TYP? MAX 
I 


Vik Vcc = MIN, = = 18 mA 


VOH Vcc = MIN, lon = MAX Pe BES 2.4 


| 
— 
oO 


w 
Ww 


Outputs open 


tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
FAll typical values are Vec = 5V., Ta = 25°C. 
8The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, Ios. 
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8 
HIGH PERFORMANCE HALF-POWER REGISTERED-INPUT PAL CIRCUITS 


switching characteristics over recommended operating free-air temperature range (unless otherwise noted) 


INPUT TEST | M SUFFIX-XX | C SUFFIX-XX | 
PARAMETER T UNIT 
MODE CONDITIONS MIN TYPTt MAX | MIN TYPt MAX 
Pe ee ee Miz 
[vo [ 0,0 ene gee ua ee ee 


O 


1, 1/0 


t 


7, 70 Buffered 
Buffered 


tp 

tp 

ten 
pd 
en 


i R, = 500 2, 
CL = 50 pF. 
See Note 3 


OUTEEK 


/D, /O /0 


TAIl typical values are Vcc = 5 V, Ta = 25°C. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALRiSR8 Sy 
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS | 
PRODUCT TERMS O THRU 31 PRODUCT TERMS 32 THRU 63 
(TOP VIEW) (TOP VIEW) 
oa PGM ENABLE []1 241] vec pom veriFy (]1 U2a[) vec 
ee pio(j2 23[] 1 po(j2 23[]1 
Pies 4 Pi1(]3 — 2a{) Pos pa(j3  2a[ Jur 
ee: Pi2(]4 = 21[] Po2 Pi2i}4 211, )PAO 
are PI3[]5  20[] POI PiI3(]5 20, }PAI 
ae Pi4(J6 ~—19[.} POO pi4Lj6 19) PA2 
= = PisL}7 ~— 18. PAO pisL}7 = 18, J PO3 
can Pp6é(|8 17,} PAI ° pi6[|8 17) )PO2 
“Pee pi7[]9 16, ] PA2 pi7(]9 ~—s 16 ] Pon 
Be °. Pig(}10 15/) U/R Pig{]10 15] ] POO 
ie i$ pi9[]11 — 141] INCLK Pi9(}11 = 14] J INCLK 
Fs a GND[]12  13/] PGM VERIFY GNo[ 112. 13, ] PGM ENABLE 
te 'No programming function. Make no connections. 
es a Pin assignments in programming mode (PGM ENABLE, pin 1 or 13, at VipH) 


Bak TABLE 1. INPUT LINE SELECT TABLE 2. PRODUCT LINE SELECT 


INPUT PRODUCT 
LINE LINE 
NUMBER NUMBER 


PIS PI8 PI7 PI6 PIS PI4 PI3 Pi2 PI1 PIO L/R POO PO1 PO2 PO3 PA2 PA1 PAO 


0 25 2h HS ER 
—_ 1 SSE RZ 2 
_ 2 2 Bee A a Z 
ae 3 2 Z 2 HH Z _ HH HH 
a 4 Zz 2 2) AA Me Se 2 
2 5 Z Z Z HH HH Z HH 
ew 6 Z Z 2Z .HH HH HH Z 
Sgtg 7 Z Z 2 HH HH HH HH 
> 8 oo 2 HCP ee 2 ee 
Svat 9 2. 2 LRN 2 Se... 20 0e 
ieee oe 2 2 Me 2? ee 
| 72? “ee Ze 
eS Z Z HHZ HHZ Z 
 & 22) Oe 2 A 
cae hae 2. Z. HW 2 HH HAZ 
aa Z Z HH Z_ HH HH HH 
Pas BE, || SY re Haley ade oy 
y ae | ew ee See eee eke 
Shin 2 ee ES eS 
sees 2° HH 2 2-2 HH HH 
cer re a See ey er 4 
pa oe 22 WA SS eee 
ees Z HH Z Z_ HH HH Z 
fees Z HH Z Z HH HH HH 
Pgs 
Rs 2 2 
ae z 2 
se oe 
na p oes 
as yd Z 
te p ESS 3 
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L = Vit, H= Vip, HH = Vipp, Z = high impedance (e.g., 10 kQ to 5 V) 
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TIBP 
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS 


PROGRAMMING WAVEFORMS FOR ARRAY FUSES 


programming procedure for array fuses 


Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the appropriate (one 
of 40) input line and then pulsing the correct (one of 64) product line. The levels for selecting input lines and product 
lines are shown in Tables 1 and 2. 


Step 1 Raise PGM ENABLE to VjHH. 

Step 2 Select an input line by applying appropriate levels to L/R and PI pins. 

Step 3 Begin selection of the output line with appropriate conditions on PA pins. 

Step 4 Pulse INCLK to Vjp. 

Step 5 Raise Vcc to VjHH. 

Step 6 Blow the fuse by pulsing the appropriate PO pin to VjHW as shown in Table 2 for the product line. 
Step 7 Return Vcc to 5 volts and pulse PGM VERIFY. The PO pin selected in Step 6 will be less than Vo, if the 


fuse is open. 


Steps 1 thru 7 may be repeated if the verification does not indicate that the fuse was successfully programmed (blown), 
but no more than 4 times. Verificatin is possible only with the verify-protect fuse intact. 


To prevent further verification, two last fuses may be blown by raising pin 1 and pin 13 to 21 volts +1 volts. Vcc 
is required to be at O during this operation. 
-----—-— — VIHH 
PGM ENABLE / '\ 
1 | VIL 
tsu +> >< th 
VIHH 
SELECTED 
PI, L/R, PA PINS ViH 
(SEE TABLES 
1 AND 2 
VIL 
VIH 
INCLK 
VIL 
VIHH 
Vcc 5V 
OV 
VIHH 
SELECTED 
PO PINS VOH 
(SEE TABLE 2) 


VOL 


~~ ~ Mix “* 2) dn! z oe ees | ir. 
: « 5 2 S 4 i : 
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ALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR19R8 
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VIH o% = 
PGM VERIFY | | as 
VIL a 
ee s 
oO) A high level during the verify interval indicates that programming has not been successful. % sak 
Ge 
©.) A low level during the verify interval indicates that programming has been successful. 
Fe 
Bac 
“ if = 
: x ey 
Texas | 
INSTRUMENTS eae 
; ack a 
TE ea POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 Sin 


“ Oi Ge ae eo ‘ 19 eke : e ae $3 
bd ee ee i ae . a j ee ry 
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Ai y, Fl FD REE 4 BE aca tee ieaie ow : 
___ TIBPALR19L8, TIBPALR19R4, TIBPALR19R6, TIBPALR1SR8 ~ 
Bows HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS | 
Me 
we 
gan programming procedure for architectural fuses (see Note 2) 
ae 
eee Step 1 Apply low levefls to all I/D pins and 5 volts to the VC¢ pin. 
op Step 2 Raise Vcc pin to VjHH. 
|. Step 3 Raise INCLK pin to VjHH 
eng Step 4 To program a D input pin into an | input pin pulse the selected pin to VjHH. 
<1 Step 5 Lower INCLK to Vi, and Vcc to 5 volts. 
ae Step 6 Raise pin 13 and all I/D input pins to ViHH 
' 
aly Step 7 Set pin 22 to Z to select pins 2 thru 11 or set pin 22 to ViHH to select pin 23. 
fad Step 8 Raise INCLK to VijHH. 
ae Step 9 To verify that fuse has been blown, pulse selected | pin from ViHH to Vi_, then to Viy and back to 
: VIHH while clocking pin 1. If output at pin 15 follows the | input the fuse has been blown. The fuse 
Ree on pin 25 is verified from pin 2. 
oof Step 10 Repeat above steps 1 thru 9 for each D input to be programmed into an | input. 
as NOTE 2: Refer to pin assignments in operating mode for programming selected |/D pins from D input to | inputs. 
a 5; programming waveforms 
2 VIHH -—-—————— 
vec . VERIFY 
5V —--—-—- 
' OV 
eae aaa 
SO cme VIHH 
io cee 
+ @ ~~ WOINPUTS 
ed PD 
eter sc ViL 
oe 
ie VIHH 
= | PIN 14 
eae ss (INCLK) 
é 3 VIL 
oe, 
ce = VIHH 
ie aa PIN 13 
4 ae 5 (OE) 
BA a Vit 
* ™ VIHH 
Ss KXXXXXKXKXXX 
= i M)DAAADARAALLALA 
| l | 
ae PIN 15 
Kase (OUTPUT) 
PIN 1 
% (OUTCLK) 
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preload procedure for registered outputs 


‘Step 1 Pin 13 to VjpH, Pin 1 to Vi_, and Vcc to 5 volts. 

Step 2 Pin 14 to ViHH. 

Step 3 Apply an open circuit or Vi_ for a low and ViHH for a high at the O outputs 
Step 4 Pin 14 to Vii 

Step 5 Remove the voltages applied to the outputs. 

Step 6 Pin 13 to Vj. 

Step 7 Check the output states to verify preload. 


preload waveforms 


OUTPUTS DISABLED 


VIH 
OE 
VIL 
VER A Rs 
PIN 14 : 
| 
VIL | 
ae ee 
i cee v1 0 l 
WH -——— = — fe SAS a | 
l 
: ‘MIN-»| | VERIFY NEW 
a Von NERIFY STATE Qn | ; | STATEQ’, VERIFY Q’n+4 
YSYSY VY IP JAM/\AJ\AY 
VOL XXXAKX XXX 


PINT Vine omomommrmrmrrmrmrmrrrrrrrrrrere eee ! 
(OUTCLK) SEA ON Cia) SES weer iat 


security fuse programming 


PIN 1 


PIN 13 
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8 
HIGH PERFORMANCE LATCHED-INPUT PAL® CIRCUITS 


D2710, DECEMBER 1982—REVISED JUNE 1984 


@ Power-up Clear on Registered Devices 


@ DIP Options Include Both 300-mil Plastic 


and 600-mil Ceramic 
@ Preload Capability on Output Registers 


3-STATE REGISTERED 
‘PALT19L8 2 0 
‘PALT19R8 8 (3-state buffers) 
‘PALT19R6 6 (3-state buffers) 


‘PALT19R4 4 (3-state buffers) 


@ Choice of Operating Speeds 
HIGH PERFORMANCE .. . 30 MHz Max 
HALF-POWER .. . 18 MHz Max 


description TIBPALT19L8’ 
; M SUFFIX . . . JW PACKAGE 
These programmable array logic devices feature C SUFFIX... . JW OR NT PACKAGE 
high speed and functionality similar to the (TOP VIEW) 


TIBPAL16L8, 16R4, 16R6, 16R8 series, but 
with the added feature of D-type transparent 
latches on the inputs. If an input latch is not 
desired, it can be converted to an input buffer 
by simply programming the architectural fuse. 


Combining Advanced Low-Power Schottkyt 
technology, with proven titanium-tungsten 
fuses, these devices will provide reliable high 
performance substitutes over conventional TTL 
logic. Their easy programmability allows for 
quick design of custom functions and typically 
result in a more compact circuit board. In 


addition, chip carriers are available for further TIBPALT19L8’ 
reduction in board space. The Half-power M SUFFIX . . . FH OR FK PACKAGE 
devices offer a choice of operating frequency, C SUFFIX . . . FN PACKAGE 
switching speed, and power dissipation. (TOP VIEW) 


All of the registered outputs are set to a low level 
during power-up. In addition, extra circuitry has 
been provided to allow loading of each register 
asynchronously to either a high or low state. This 
feature simplifies testing because the registers 
can be set to an initial state prior to executing 
the test sequence. 


INPUT LATCH FUNCTION TABLE 


| INLE D | LATCH OUTPUT 


L 
L 3 
L H H 
ie Qo 


Pin assignments in operating mode (voltage at pins 1 and 13 less 


than ViHH) 
Tintegrated Schottky-Barrier diode-clamped transistor is patented 
by Texas Instruments, U.S. Patent Number 3,463,975. 
tiNLE is also used for the preload. 
PAL is a registered trademark of Monolithic Memories Inc. 
PRODUCT PREVIEW Copyright © 1985, Texas Instruments Incorporated 
This document contains information 4 
op a pentlust under development. TEXAS 
exas Instruments reserves the right 
to change or discontinue this product IN STRUM ENTS 
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TIBPALT19R4, TIBPALT19R6, TIBPALT19R8 
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS 


J ajqewwesboig-pjai4 : 


TIBPALT19R4‘ 
M SUFFIX . . . JW PACKAGE 
C SUFFIX . . . JW OR NT PACKAGE 


(TOP VIEW) 


TIBPALT19R6' 
M SUFFIX... JW PACKAGE 
C SUFFIX... JW OR NT PACKAGE 


TIBPALT 19R4’ 
M SUFFIX . . . FH OR FK PACKAGE 
C SUFFIX . . . FN PACKAGE 


(TOP VIEW) 


O 
O 
> 


Q 


1/0 


n[j] OUTCLK 


a 
4 


a) O 
= 2 
3 1 


28 27 26 


/D 5 25[(] 1/0 
i/D 16 241} 0 
/D.7 23(} a 
NC {]8 22L] NC 
/D f}9 21f}Q 
\/D [J10 20[] a 
/D [11 191] 1/0 


13 1516171 


a99|4a, 9 


/D | 


TIBPALT 19R6’ 
M SUFFIX . . . FH OR FK PACKAGE 
C SUFFIX .. . FN PACKAGE 


(TOP VIEW) (TOP VIEW) 
=< 
ake eel fis ee 
/D Lj3 221_J 1/0 Sse25e°e 
\/D L]4 2u)0 432 128272 
/D Ljs 201} O \/D 25(] Q 
1/D L]6 191} Q \/D 24[] a 
/D L]7 181] O i/D 23{} Q 
/D _js 17L,) Q NC 22[] NC 
/D (| 161] O 1/D 21{} Q 
VD {ho sf} V0 “VD 20[] a 
VO(}11 3140] INLET /D 19f1Q 
GND [}12.- 131] OF 13 1415161718 
Eeesi|sjue 
fe) ¥ E 
2, 
re) TIBPALT19R8’ TIBPALT19R8’ 
M SUFFIX... JW PACKAGE M SUFFIX . .. FH OR FK PACKAGE 
C SUFFIX .. . JW OR NT PACKAGE C SUFFIX . . . FN PACKAGE 
(TOP VIEW) (TOP VIEW) 
TINLE is also used for preload 
Pin assignments in operating mode (voltage at pins 1 and 13 less 
than ViHH) 
i 
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TIBPALT19L8, TIBPALT19R4 
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS 


functional block diagrams (positive logic) 


‘PALT19L8 


INLE 


i/D 


ee 
‘4 


‘PALT19R4 = 
o 
ale °o 
OE CUEN2 ea 
OUTCLK > C1 a) 
Be ' 
© 
% & 
- = 
ewe 
oO 
Q ie) 
Sethenitneas Rene 
INLE a. 
Q 3 
1/D a 
iL. 

1/0 

1/O 

1/O 

1/0 
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TIBPALT19R6, TIBPALT19R8 
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS 


functional block diagrams (positive logic) 
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8 
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS 


ae ; 

Pa 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) = 
SUDpIV VONAGe: VOC ame ate 2 Ser ce sees 0s Skt en as Pek Pa Be er INV SS = 
Arpt teeta Beemer he kk ys ed a eo i Rd Se 5.5 V = 
Voltage applied to a disabled output (see Note 1)............. 2... 0... eee eee ees 5.5-V. Solas 
Operating free-air temperature range: M suffix....................022000. — 55°C to 125°C pee 
CPN ae te oy 0°C to 70°C < 

Storage temperature range .\. . 6. 6a ne. Ha ee oe he ee Fe eg we ech oS — 66°C to 160% a3 
NOTE 1: These ratings apply except for programming pins during a programming cycle or during preload cycle. - a 
recommended operating conditions (see Note 2) Ens 
2s 


SM INICNE ie 


Deg’ Cnn 
. 
, A 


Supply voltage 


CC 
1H High-level input voltage 
IL 

4 ; 


V 
V 


TA Operating free-air temperature 


> 


NOTE 2: These recommended operating conditions apply for all device dash numbers. Also refer to additional recommended operating 
conditions information pertaining to appropriate device dash numbers. 


programming parameters, TA = 25°C 
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Vcc value during security fuse programming 
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8 
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS 


recommended operating conditions 


Nr 
MIN TYP MAX 
fig Clock emuerty. =  aee Net Lome ga) en | | 
Bae 111 Pp Bee eee 
NOOR STE) oc tLe oe 
GPR renee cee eines 
Pierce ae De eens 


tw _ Pulse duration 


OUTCLK low 
INLET 


t Setup time, input or feedback bef 
OUTCIR wae Eas 9 me 
th Hold time, input or feedback after INLET or OUTCLKT eae: aes 


electrical characteristics over recommended free-air operating temperature range 


PARAMETER TEST CONDITIONS?t |__M SUFFIX-XX__| __C SUFFIX-XX_ UNIT 
MIN TYP? xX | MIN TYP*? MAX 
V 


A 
Pe vec Nee ee ee ee ee 
Vcc = MIN, _loH = MAX 
pou Vente MA Bey v 
3 : Aer Se CS es coer 
| Outputs é a 
i ee ae 
n 
= : RRA CN OE ees 
CSET ks Messin 
+ SRE a 
re | 
o 
3 REE SS ere rs 
ey hp 7 ae ss eae Se 
o 
Vcc = MAX, 
fe) Outputs open 
= TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 


+All typical values are Vcc = 5 V, Ta = 25°C. 
8The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, los. 
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALTI9R8 
HIGH PERFORMANCE REGISTERED-INPUT PAL CIRCUITS © 


switching characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


R_ = 500 2, 
Ci = 50 pF, 
See Note 3 


TAll typical values are Vcc = 5 V, Ta = 25°C. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 


ogic 


t 


f j aa 
PUD Ti 4 ‘ pt 6 pha 
Ff, rw mat *, We heed 
ay Ry 


oh ee 
OA ae hen Sg 4 a 
Sed Reapee” | are aces cee 


immable L 


Field-Progra 


4 Ot hd ph 
Aad)\ 


bial 
oy 


tire 
ie 


. ite , 


: 
\ 


> d 7 - > 4 ms : 
‘a's! Ey Tap Ook yh ; re “ at Hee se 
i froin ARE, Ret La eae se aaah 


at 


as a 


% 


RES ANS 


Roa’ 
tag on A 


saa ie 
Any it wr dy 


* i 
ROA ot 


» @yry Wi) yee: : 


Texas 


3-99 
INSTRUMENTS 


eee g POST OFFICE BOX 225012 © DALLAS, TEXAS 75265 


fy. eS, gant af Lath £5 


OW 


1 ajqewiues6o1g-pjal4 


9160 


3-100 


TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8 
HIGH PERFORMANCE HALF-POWER LATCHED-INPUT PAL CIRCUITS 


recommended operating conditions 


Pulse duration 


OUTCLKT 


tsy Setup time, input or feedback before 
h Hold time, input or feedback after INLET or OUTCLKT 


t 

PARAMETER rest conpinianet | MSUFFIX-XX | C SUFFIX-XX 
j_parameren | Testcowpmonst MIN TYP* MAX | MIN TYP* MAX 
ee oan et gees Ro ie a eee | 
Vec = MIN, lon = MAX 2.43.2 2.4 3.3 


Vec = MIN, lo. = MAX 0.25 0.4 


Vcc = MAX, Vip = 2.7 V 


, Vin = 0.4V 


NH 
NL 


Outputs open 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
All typical values are Vcc = 5 V, Ta = 25°C. 
8The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, Ios. 
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PAL C 


NPUT 


switching characteristics over recommended operating free-air temperature range (unless otherwise 
noted) ; 


TO UNIT 
MODE CONDITIONS MIN TYP MAX | MIN TYP MAX 


eee Pr ee ee 
Smee ee er ees 

“Cr heag) MEO Cooess Senay) Pee 

6 


TAIL typical values are Vcc = 5 V, Ta = 25°C. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8 
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS 


PRODUCT TERMS 0 THRU 31 PRODUCT TERMS 32 THRU 63 
(TOP VIEW) (TOP VIEW) 

pcm enaste [11 241) vec PGM VERIFY | 1 Vec 
PIO [_}2 231) t pio [ }2 t 
Pil L]3 PO3 pi1 L]3 L/R 
PI2 | |4 PO2 pi2 | |4 PAO 
PI3 | |5 PO1 pi3 [15 PAI 
Pi4 | |6 POO pia (]6 PA2 
PIS | |7 PAO pis [}7 PO3 
pié (|8 PAI Pié |_|8 PO2 
pi7 []9 PA2 P17 L|9 PO1 
Pig | }10 L/R PIg POO 
Pi9}11 = 14]_] INLE pig { |11 TNLE 


GND[|12 13{] PGM VERIFY GND[|12 +13|.] PGM ENABLE 


TNo programming function. Make no connection. 
Pin assignments in programming mode (PGM ENABLE, pin 1 or 13, 
at ViHH) 


TABLE 1. INPUT LINE SELECT TABLE 2. PRODUCT LINE SELECT 


PRODUCT 
LINE 


NUMBER POO PO1 PO2 PO3 PA2 PA1 PAO 


INPUT 
LINE 


NUMBER PI9 PI8 PI7 PI6 PIS PI4 PI3 PI2 PI1 PIO L/R 


) 0, Li 2 
3 1 1; Se 
2 z ee 
3 3, oe 
nN 4 4, y RUeS 
oO 5 5, * a 
o. 6 6, ‘ede: 
i 7 $; rae 
oe 8 8, y Sea Z 
= 9 9, ie - Z 
= > ety Z 
o Zi2 Z 
3 se Z 
= ae Z 
o ae Z 
cos LAE Z 
@ - Z 
a) Z Zz 
vey Z Z 
rs) Z Z 
Z Z 
z z 
Z Z 
z 
z 
Z 
z 
Z 
Z 
Z 
z 


Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
Z 
r 
Z 
Z 
Z 
Z 


L=Vi_, H = Vy. HH = Vipp, Z = high impedance (e.g., 10 kQ to 5 V) 
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8 
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS 


programming procedure for array fuses 


Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the 
appropriate (one of 40) input line and then pulsing the correct (one of 64) product line. The levels for selecting 
input lines and product lines are shown in Tables 1 and 2. 


Step 1 Raise PGM ENABLE to VjHH. 

Step 2. Select an input line by applying appropriate levels to L/R and PI pins. 

Step 3. Begin selection of the output line with appropriate conditions on PA pins. 

Step 4 Pulse INLE to Vjp. 

Step 5 Raise Vcc to ViHH. 

Step 6 _—_ Blow the fuse by pulsing the appropriate PO pin to ViHH as shown in Table 2 for the product line. 

Step 7 Return Vcc to 5 volts and pulse PGM VERIFY. The PO pin selected in Step 6 will be less than 
VOL if the fuse is open. 


Steps 1 thru 7 may be repeated if the verification does not indicate that the fuse was successfully 
programmed (blown), but no more than 4 times. Verification is possible only with the verify-protect fuse 
intact. 


To prevent further verification, two last fuses may be blown by raising pin 1 and pin 13 to 21 volts +1 volt. 
Vcc is required to be at O during this operation. 


3 


programming waveforms 


2 
ViHH > 
PGM ENABLE SS 
ViL ® 
2 
SELECTED VIHH S 
PI. L/R, PA PINS Vin = 
(SEE TABLES iS 
1 AND 2) ViL © 
sabia ViH ©?) 
INLE a © 
IL 
a. 
VIHH Oo 
Vcc 5V @ 
ov habe 
Vv 
SELECTED sg 
POPINS KO VOH 
(SEE TABLE 2) XXX 
VOL 
1 
ViH 
PGM VERIFY | | 
VIL 


a) A high level during the verify interval indicates that programming has not been successful. 
@ A low level during the verify interval indicates that programming has been successful. 
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Step 3 
Step 4 
Step 5 
Step 6 
Step 7 
Step 8 
Step 9 


Step 10 
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‘TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8 
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS 


programming procedure for architectural fuses (see Note 2) 


Apply low levels to all I/D pins and 5 volts to the VCC pin. 


Raise VCC pin to ViHH. 
Raise INCLK pin to VjHH. 


To program a D input pin into an | input pin pulse the selected pin to VjHH. 


Lower INCLK to Vj, and Vcc to 5 volts. 


Raise pin 13 and all |/D input pins to VjHH. 


Set pin 22 to Z to select pins 2 thru 11 or set pin 22 to VjHH to select pin 23. 


Raise INCLK to ViHH. 


To verify that fuse has been blown, pulse selected | pin from VjHH to ViL, then to VjH and back 
to ViHH while clocking pin 1. If output at pin 15 follows the | input the fuse has been blown. 
The fuse on pin 23 is verified from pin 2. 

Repeat above steps 1 thru 9 for each D input to be programmed into an | input. 


programming waveforms 


NOTE 2: Refer to pin assignments in operating mode for programming selected I/D pins from D input to | inputs. 


VERIFY 
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TIBPALT19L8, TIBPALT19R4, TIBPALT19R6, TIBPALT19R8 
HIGH PERFORMANCE LATCHED-INPUT PAL CIRCUITS 


preload procedure for registered outputs 


Step 1 Pin 13 to VjH, Pin 1 to Vi_, and Vcc.-to 5 volts. 

Step 2. Pin 14 to VijHH. 

Step 3 Apply an open circuit or Vi_ for a low and VjHH for a high at the QO outputs. 
Step 4 —~ Pin 14 to VI. 

Step 5 Remove the voltages applied to the outputs. 

Step 6 Pin 13 to VI. 

Step 7 Check the output states to verify preload. 


preload waveforms 


5V 
Vcc / \ 
Ov 


OUTPUTS DISABLED 


= MIM 
OE 
VIL 1 
tdis >| - —>| + ten 

| ENABLE PRELOAD | 

ViHH@-——-—-—-— — mee cer ts | 

100 ns! 

| 

PIN 14 ; l ia MIN | <q 

V | 4 ana 
IL ' o>) 
APPLY Q’, =_l 
VIHH —-—-——-—— a ie ee | @ 
| ATR 
| 100 ns | VERIFY NEW = 
Q ,  STATEQ’, VERIFY QO'n+4 S 
VOH e 
VOL oS 
= 
PIN? VIH ° 
(OUTCLK) vy, oe 
3 
security fuse programming Fd 


Vcc 


PIN 1 
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FIELD TIFPLA839, TIFPLA840 
PROGRAMMABLE 14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS 
LOGIC 


JUNE 1984—REVISED NOVEMBER 1984 


@ Input-to-Output Propagation Delay... LOGIC FUNCTION 


10 ns Typical sii 


24-Pin, 300-mil Slim Line Packages f(I) 


PO + P1... P31 for polarity link intact 
PO* P1*... *P31 for polarity link open 
where PO through P31 are product terms 


Power Dissipation . . . 650 mW Typical 


Programmable Output Polarity TIFPLA839M, TIFPLA840M . . . JT PACKAGE 
TIFPLA839C, TIFPLA840C . . . JT OR NT PACKAGE 
description (TOP VIEW) 


The ‘FPLA839 (3-state outputs) and the ‘FPLA840 
(open-collector outputs) are TTL field-programmable 
logic arrays containing 32 product terms (AND terms) 
and six sum terms (OR terms). Each of the sum-of- 
products output functions can be programmed either 
high true or low true. The true condition of each output 
function is activated by the programmed logical 
minterms of 14 input variables. The outputs are 
controlled by two chip-enable pins to allow output 
inhibit and expansion of terms. 


3 


These devices provide high-speed data-path logic 
replacement where several conventional SSI functions 
can be designed into a single package. 


TIFPLA839M, TIFPLA840M . . . FH OR FK PACKAGE 
The ‘FPLA839M and 'FPLA840M are characterized for TIFPLA839C, TIFPLA840C . . . FN PACKAGE 


operation over the full military temperature range of (TOP VIEW) 
—55°C to 125°C. The ‘FPLA839C and ‘FPLA840C 
are characterized for operation from O°C to 70°C. 


Field-Programmable Logic 


Pin assignments in operating mode (pin 1 is less positive than VjH}H) 


Copyright © 1984, Texas Instruments Incorporated 
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~denotes fused inputs. 
re Tt FPLA839 has 3-state (7) outputs; FPLA840 has open-collector (©) outputs. 
= absolute maximum ratings 
ee a 
Ra SMES EY WENO PE IE Ve ii ines os a ee ee ae ee PI Ba 7V 
a - | Input voltage (se6 NOt 1h. oes ile fo ha Drak Sere es eee eee or cer 5:5. M 
= On-state Gomut yonege tsee WOte 143 2 so Se aS Fie eV ae i dee oe ee ee 5.5-V 
a Operating free-air temperature range: ‘FPLA839M, 'FPLA840M ............ ote ee Ga hig 
= = | ‘EPC ASSOC“ FRLABAOC: = 382 ee 0°C to 70°C 
ee. Sierbce aeuneAe >) Soy SLE ee OA ee Re Ee ~65°C to 150°C 
one NOTE 1: These ratings apply except for programming pins during a programming cycle. 
es. 
: | 
= 
| oy 
= es 
% 3 
a ; 
iets 
aS 
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TIFPLA839, TIFPLA40 
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS 
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(2) 


(23) ny 


(22) n 


(20) 


(20) 


(19) 
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TIFPLA839, TIFPLA840 | 
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS 


recommended operating conditions 


Supply voltage, Vcc 


High-level input voltage, Vj} 
Low-level input voltage, Vj, 
High-level output voltage, Voy 


| MSUFFIX —|_—_C_ SUFFIX | 
P TER TEST CONDITIONS! UNIT 
Sv | _resrcowomonst MIN TYP? MAX | MIN TYP? MAX 


Voc = MIN, Vou = 5.5 V 
Voc = MIN, OH = MAX 
Vec = MIN, lo. = MAX 0.25 0.5 0:37... 06 
i ec = MAX, BBV Pic ca tena) ene ne ma | 
Voc = MAX, = 2.7V 
Voc = MAX, Wp = OAV Ret ees 
pemeee” ] Vec = MAX, Vo = 2.25 V ~30 2942 {30 942 
Veo = MAX, Vo=27V 
Voc = MAX, Vo = 04V 
Vcc = MAX, 
lec foe Vv) = OV, 130 190 130 180 | mA 

‘FPLA839 switching characteristics 

t Input | Output Sete ey 0 ie ids <a6 10 20 

pd fi i Cl = 50 pF to GND 

or Output R_ = 500 to GND, 


‘FPLA840 switching characteristics 


ec caicaes ma TEES aa EM SUFERC. =: Ts. yO RURERG 2] 
MIN TYP MAX | MIN TYP? MAX 
R_ = 500 to Vcc, 
| 
Ss 


10 30 10 25 
or Output Ri_ = 500 to GND, n 


Cy = 50 pF to GND 
tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
+All typical values are at Vcc = 5 V, Ta = 25°C. 
8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit current, los. 
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TIFPLA839, TIFPLA840 


14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS 


AND MATRIX 
(Vcec3) 


OUTPUT POLARITY 
(PGM ENABLE = Vj,1) 


PGM ENABLE []1 2a] vcct PGM ENABLE []1 
Pili [j2 23] | PIO Pl1 LJ2 
P12 |J3 22| | P113 Pi2 Lj3 
PI3 [.]4 211 | Pi12 PI3 LJ4 
PI4 | [5 20] } PI11 Pi4 |]5 
PI5 L]|6 19] | PI10 PI5 Lj6 
PI6 |]7 181} PI9 PI6 L]7 
P17 [Js 17[_] PI8 P17 Le 
POS [| 161] POO POL] 
PO4[}i0 = 15[.] PO1 PA4[ }10 
PO3 [11 ] PO2 PA3[]11 


GND [12 r] OE2 


TVec = Vec2 for program and Vec7 for verify 
Pin assignment in programming mode (pin 1 < VjHH) top views 


programming parameters, TA = 25°C 


PARAMETER MEASURED AT 


PGM ENABLE 
VIHH Program high-level input voltage 


VILL Program low-level input voltage PGM ENABLE 


Se ener ee 
rogram-level input curren 
ali . 2 PGM ENABLE 
: - POO thru PO5 
Vix Program-level input voltage 


[Piping 
C 
& 


PG 

SE 

Vc 

Icc1 Programming supply current 
Vcc2 Programming supply voltage Vc 

A 

A 

A 

PG 

PG 

An 


ix Program-level input current 


Vcc3 Programming supply voltage 


| Vv High-level input voltage 
V 


IH 
IL 3 
| POO thru POS | 


¥ 
y 
O 
POO thru PO5 
tw Program pulse duration 
M 
r 


V Low-level input voltage Any 
Vv 


POO thru PO5 
Program pulse duty cycle eM oes fe 


y 


PROGRAMMING MODE 


RSENS SB 3 CSD ARTA ESS FT SESE RA SL SAI SPIO RSP SOLES DTA RS AGES A OREO SC EES 


OR MATRIX 
(Vcc1. PAS = Vi) 
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TIFPLA839, TIFPLA840 
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS 


PROGRAMMING PROCEDURE 
OUTPUT POLARITY 


Program 


Load all output pins with a 10-kQ resistor to 5 V and set pin 12 (GND) to O V. Program the output polarity before 
programming either the AND matrix or the OR matrix. An unprogrammed device has all six outputs noninverting. When 
the polarity link of an output is opened, the output function becomes inverting. Program one output at a time as follows: 


Step 1: Set PGM ENABLE (pin 1) to ViLL. 

Step 2: Set Vcc (pin 24) to Vec2; set OE2 (pin 13) to Vjy and PIO through PI13 to Vip. 
Step 3: Ramp the appropriate output to VjHH and remove after tw. 

Step 4: Repeat step 3 for each output to be programmed low. 


Verify 


Step 1: Set PGM ENABLE (pin 1) to Vi_L; set Vcc (pin 24) to Vccga; set PIO through PI13 to Vjyp. 

Step 2: Wait tq and raise Vcc (pin 24) to Vcc1. 

Step 3: Enable the device by applying Vj, to OE2 (pin 13). 

Step 4: Sense the logic state of all six outputs. An output at VQH has been programmed to be inverting, while an 
output at VoL has remained noninverting. 

Step 5: Remove Vcc. 


Ti aR. «5 $5 SRS: 5A UE aR Mes es wey = Vii 
 @ ALL PI/PINS 
ead 
1 Vcc1 
2 7 = Midee 
2 * 
S 5 1H 
5 ‘ VIL 
-- = »> t OM. jececee-- VIHH 
~~ j 2_*,*.*,"*. 
a 'Q) ' | Ps -*< 0°." 
oO ' 
= POO THRU POS eee i @ 7 pee its 
oe ty }¢—9}@ PROGRAM >| = [¢—- VERIFY —>| 
= @) A high level during the verify interval indicates that programming has been successful. 
a @ A low level during the verify interval indicates that programming has not been successful. 


FIGURE 1. OUTPUT POLARITY PROGRAMMING WAVEFORMS 


AND MATRIX 
Program 


Program the output polarity before programming either the AND matrix or the OR matrix. Load all output pins with 
a 10-kQ resistor to 5 V and set pin 12 (GND) to Vi. Program each input separately for each product term, one fuse 
at a time. Unused terms do not require fusing, however, all input variables of a selected product term must be 
programmed either true, complement, or don’t care (both links are blown), as follows: 


Step 1: Set PGM ENABLE (pin 1) to Vi_L; set Vcc (pin 24) to Vcc3. 

Step 2: Disable all outputs by applying Vjy to PGM (pin 13). 

Step 3: Disable all inputs by applying V|x to the | inputs. 

Step 4: Address the product term to be programmed (0 through 31) by applying its binary code (Vy for a high and 
Vi_ for a low) to outputs PAO through PA4 with PAO as the least significant bit. 


i, 
3-112 TEXAS ai} 
INSTRUMENTS 


POST OFFICE BOX 225012 @ DALLAS TEXAS 75265 


4 


badge 
Re 
WY 


is 


TIFPLA839, TIFPLA840 
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS 


¥ 
-— 
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PROGRAMMING PROCEDURE 


Step 5: Lower the voltage on the first input to Vjy for a true, or to Vj, for the complement. 
Step 6: After tg, raise PGM ENABLE to VjyH. 

Step 7: After additional tg, pulse the PGM input to Vip for tw. 

Step 8: After additional tg delay, lower PGM ENABLE to Vj _. 

Step 9: Disable programmed input by raising it back to Vj. 

Step 10: Repeat steps 5 through 9 for each input. 

Step 11: Repeat steps 4 through 10 for each product term. 


Verify 


Step 1: Set PGM ENABLE (pin 1) to Vi_L; set Vcc (pin 24) to Vcc3. 

Step 2: Enable PO output by setting PGM to Vjx. 

Step 3: Disable all inputs by applying V|x to the | inputs. 

Step 4: Address the product term to be verified (0 through 31) by applying its binary code on outputs PAO through 
PA4. 

Step 5: Lower the input voltage on the first input to Vjy, and check the logic level of output PO, then lower the 
same input to Vj, and again check the level of PO. The input variable state contained in the product term 
is determined from the following table. Two tests are required to verify the programmed state of each variable. | 


STATE 


TRUE 


‘ ad ’ 
as ae 


Srey 
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he [rs 


i. 
vis 


Dial te eed a aCe 
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Be 
Step 6: Disable verified input by raising it back to V\x. : el 
Step 7: Repeat steps 5 and 6 for all other inputs. ear 
Step 8: Repeat steps 4 through 7 for all other product terms. bas ts 
7. 
ete] 
Fea 
7 = Faz : 
PGM ENABLE Bas 
-s 
PGM ’ a 
= sien MO" Soe : 
| CMMI ene es 
PIO THRU P113 ! ! jy ree 
1 1 ' Ud -------- VIL ; 
« pity | ; ion ; 
ALL PA PINS GZ ; ! : i 
i ' 1 Sa ee 
ALL PO PINS ' H GZ | ; 
. ’ D = *OU 3 
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FIGURE 2. AND MATRIX PROGRAMMING WAVEFORMS : 
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TIFPLA839, TIFPLA840 
14 x 32 x 6 FIELD-PROGRAMMABLE LOGIC ARRAYS 


PROGRAMMING PROCEDURE 


OR MATRIX 
Program 


Program the output polarity before programming either the AND matrix or the OR matrix. Load all output pins with 
a 10-kQ resistor to 5 V and set pin 12 (GND) to O V. If the product term is contained in the output function, no fusing 
is required. Unwanted terms are deleted by programming one at a time, as follows: 


Step 1: Set PGM ENABLE (pin 1) to Vi__. Disable the outputs by setting PGM (pin 13) to Vj. Set Vcc to Vcc3. 
Set PI6 through PI13 and PAO through PAS5 to Vjp. 

Step 2: Wait tg and raise Vcc (pin 24) to the program level, Vcc. 

Step 3: Use the inputs PAO through PAS5 to address the product term (O through 31) that is to be removed by applying 
the corresponding binary code with input PAO as the least significant bit. 

Step 4: Raise the output pin to V)x. 

Step 5: Wait tg, then raise PGM ENABLE to VjHH. 

Step 6: Wait tq, then pulse PGM to V x for a period of tp. 

Step 7: Wait tg, then lower PGM ENABLE to Vij__. 

Step 8: Wait tg, then remove V|x from output pin. 

Step 9: Repeat steps 4 through 8 for all other output functions. 

Step 10: Repeat steps 3 through 9 for all other product terms. 

Step 11: Lower Vcc to VCc3. 


Verify 


Tr Step 1: Set PGM ENABLE (pin 1) to Vi_L. Disable the outputs by setting PGM (pin 13) to Vj. Set Vcc to Vcc3. 
oO Set PI6 through PI13 and PAO through PAS to Vjp. 
rol Step 2: Wait tg and set Vcc (pin 24) to the verify level, Vcc1. 
T Step 3: Address the product term to be verified (O through 31) by applying its binary code to inputs PAO through PAS. 
a Step 4: Wait tg, and set PGM (pin 13) to Vj. 
=) Step 5: Monitor the state of all six outputs (POO through PO5) and determine the status of the OR matrix from the 
pe) following table: 
= OR 
oe HIGH LOW 
@ L H FUSED 
5 pf | nese 
o. = Vin 
?) ALL PI PINS 
ae == VCC 


oy. : 7 aren ue 
i Ripe SSPE IAC, 
; aS. 
Ne ee 27 SLE Eee: OT ES a 
ta le—elta tt Sea eacaine = 
WLLL _Lxx2AAhAQ2AAAAQOOET. seine 


l+—— pRoGRamM ——| le—>| verIFY oe 


FIGURE 3. OR MATRIX PROGRAMMING WAVEFORMS 
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FIELD TIFPLS104, TIFPLS105 
PROGRAMMABLE 16 x 48 x 8 FIELD PROGRAMMABLE LOGIC SEQUENCER 
LOGIC 


JANUARY 1985 


50-MHz Clock Rate TIFPLS104, TIFPLS105 
M SUFFIX . . . JD PACKAGE 
Power-on Preset of All Flip-Flops C SUFFIX .. . JD OR N PACKAGE 


, ; - : (TOP VIEW) 
6-Bit Internal State Register with 8-Bit 


Output Register 
Power Dissipation . . . 650 mW Typical 


Programmable Asynchronous Preset or 
Output Control 


@ Functionally Equivalent to, but Faster than 
82S104A and 82S105A 


description 


The TIFPLS104 (open collector outputs) and the 
TIFPLS105 (3-state outputs) are TTL field- 
programmable state machines of the Mealy type. 
These state machines (logic sequencers) 
contains 48 product terms (AND terms) and 14 


pairs of sum terms (OR terms). The product and TIFPLS104, TIFPLS105 

sum terms are used to control the 6-bit internal M SUFFIX .. . FK PACKAGE 

state register and the 8-bit output register. C SUFFIX . . . FK OR FN PACKAGE es: 
(TOP VIEW) Pig 


The outputs of the internal state register (PO-P5) 
are fed back and combined with the 16 inputs = 


(10-115) to form the AND array. In addition a ip. Oi © S' 2 = 

single sum term is complemented and fed back 28 27 26 

to the AND array which allows any of the l4ns 25[] 110 

product terms to be summed, complemented I3 Ne 24[] 111 

and used as inputs to the AND array. i217 23[] 112 
118 22[] 113 


The state and output registers are positive-edge 
triggered S/R flip-flops. These registers are 
unconditionally preset to logical 1 on power-up. 
Pin 19 can be used to preset both registers or 
by blowing the proper fuse be converted to an ee 
output control function. io <+ 

ome 


The TIFPLS104M and TIFPLS105M devices are 
characterized for operation over the full military 
temperature range of —55°C to 125°C. The 
TIFPLS104C and TIFPLS105C devices are 
characterized for operation from O°C to 70°C. 


lof9 21f] 114 
Q71]10 20/} 115 
a6 f}11 19[] PRE/OC 


Field-Programmable Logic 


Copyright © 1985, Texas Instruments Incorporated 


PRODUCT PREVIEW S 
This document contains information | 
on a product under development. TEXAS 
Texas Instruments reserves the right 3-115 
to change or discontinue this product INSTRUM ENTS 
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16 x 48 x 8 FIELD PROGRAMMABLE LOGIC SEQUENCER 
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functional block diagram (positive logic) 


PRE/OE # ead : 


CLK 


Q0-Q7 


10-115 


~ denotes fused inputs. 
TTIFPLS104 has open collector ( © ) outputs; TIFPLS105 has 3-state ( 9 ) outputs. 
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FIELD TIFPLS167 
PROGRAMMABLE 14 x 48 x 6 FIELD PROGRAMMABLE LOGIC SEQUENCER 


LOGIC 


JANUARY 1985 


Programmable Asynchronous Preset or M SUFFIX . . . JT PACKAGE 
Output Control C SUFFIX .. . JT OR NT PACKAGE 


(TOP VIEW) 


Power-on Preset of All Flip-Flops 


8-Bit Internal State Register with 4-Bit 
Output Register 


Power Dissipation . . . 650 mW Typical 


Functionally Equivalent to, but Faster than 
82S167A 


description 


The TIFPLS167 is a TTL field-programmable 
state machine of the Mealy type. This state 
machine (logic sequencer) contains 48 product 
terms (AND terms) and 12 pairs of sum terms 
(OR terms). The product and sum terms are used 


M SUFFIX. . . FK PACKAGE 


to control the 8-bit internal state register and the C SUFFIX... . FK OR FN PACKAGE 
4-bit output register. (TOP VIEW) 

The outputs of the internal state register (PO-P7) v O 

are fed back and combined with the 14 inputs 4 


Lo © 
(10-113) to form the AND array. In addition the ints ge 
first two bits of the internal state register (PO-P1) a2 
are brought off-chip to allow the output register 
to be extended to 6 bits if desired. A single sum 
term is complemented and fed back to the AND 
array which allows any of the product terms to 
be summed, complemented and used as inputs 
to the AND array. 


415 25[} !9 
I3 Ne 24{] 110 
i217 23[] 111 
NC {]8 221)} NC 
11 9 21[} 112 
10 [}10 20/} 113 
Qo 11 19[] PRE/OC 


The state and output registers are positive-edge 
triggered S/R flip-flops. These registers are —~ 
unconditionally preset to logical 1 on power-up. e) 
Pin 19 can be used to preset both registers or 

by blowing the proper fuse be converted to an 

output control function. 


The TIFPLS167M is characterized for operation 
over the full military temperature range of 
—55°C ‘to 125°C... the -TiIFPLSIG6/7C is 
characterized for operation from O°C to 70°C. 


PRODUCT PREVIEW Copyright © 1985, Texas Instruments Incorporated 
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This document contains information 4 
on a product under development. TEXAS 3-117 


Texas Instruments reserves the right 
to change or discontinue this product IN STRU M ENTS 
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Sone functional block diagram (positive logic) 


PRE/OE 


ey CLK 


Q0-Q3 


10-113 
PO, P1 


ny 


-plal4 


1 


T Optional fuse-programmable 3-state (YQ ) outputs 
“\, denotes fused inputs 
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FIELD 82S104A, 82S105A 
PROGRAMMABLE 16 x 48 x 8 FIELD PROGRAMMABLE LOGIC SEQUENCER 


LOGIC 


JANUARY 1985 


Programmable Asynchronous Preset or 82S104A, 82S105A 
Output Control M SUFFIX .. . JD PACKAGE 


C SUFFIX .. . JD OR N PACKAGE 
Power-on Preset of All Flip-Flops (TOP VIEW) 


6-Bit Internal State Register with 8-Bit 
Output Register 


Power Dissipation . . . 650 mW Typical 


Functionally Equivalent to 
Signetics 82S104A/82S105A 


description 


The 82S104A (open collector outputs) and the 
82S105A (3-state outputs) are TTL field- 
programmable state machines of the Mealy type. 
These state machines (logic sequencers) contain 
48 product terms (AND terms) and 14 pairs of 
sum terms (OR terms). The product and sum 
terms are used to control the 6-bit internal state 


register and the 8-bit output register. 82S104A, 82S105A 

The outputs of the internal state registers c pe Seat = 3 nets lb | 

(PO-P5) are fed back and combined with the 16 (TOP VIEW) oe ! 

inputs (10-115) to form the AND array. In addition \ 

a single sum term is complemented and fed back % is 9 

4 lo O -f co oO) 

to the AND array which allows any of the eds agel e nb ien © 

product terms to be summed, complemented 27 26 To} 

and used as inputs to the AND array. l4fs 25[] 110 oc 

The state and output registers are positive-edge IS 116 24Uj 111 : 

triggered S/R flip-flops. These registers are 27 23Uj 112 6 

unconditionally preset to logical 1 on power-up. 1 8 2a its op 

Pin 19 can be used to preset both registers or 10 [9 21 114 ‘e) 

by blowing the proper fuse be converted to an Q7 [10 20l] 115 pd rn 

Output Control function. Q6 {11 19] PRE/OC C 
ENE CR EL 2 
otanane-o Lu 
OOo = O00°0 
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ee kee 

Se5 is 


- eS | 
281048, | 8251050 Bae 
ar x 48 x 8 FIELD PROGRAMMABLE LOGIC SEQUENCER 


functional block diagram (positive logic) 
PRE/OE 
00-07 


CLK 


10-115 


~denotes fused inputs. 
182S104A has open collector ( @ ) outputs; 82S105A has 3-state ( 9 ) outputs 
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FIELD | - B2S167A e =. 
PROGRAMMABLE 14 x 48 x 6 FIELD PROGRAMMABLE LOGIC SEQUENCER 
Ic — 


JANUARY 1985 on 


Programmable Asynchronous Preset or M SUFFIX .. . JT PACKAGE 


Output Control C SUFFIX .. . JT OR NT PACKAGE 

: (TOP VIEW Si 
Power-on Preset of All Flip-Flops op 
8-Bit Internal State Register with 4-Bit ‘ 


Output Register 
Power Dissipation . . . 650 mW Typical 


Functionally Equivalent to - 
Signetics 82S167A ty 
description Pa 
f 


The 82S167A is a TTL field-programmable state 
machine of the Mealy type. This state machine 
(logic sequencer) contains 48 product terms 
(AND terms) and 12 pairs of sum terms (OR 
terms). The product and sum terms are used to WSUFFIX:. _. FK PACKAGE 
control the 8-bit internal state register and the C SUFFIX .. . FK OR FN PACKAGE 
4-bit output register. (TOP VIEW) 


The outputs of the internal state register (PO-P7) 
are fed back and combined with the 14 inputs 
(10-113) to form the AND array. In addition the 
first two bits of the internal state register (PO-P1) 
are brought off-chip to allow the output register 
to be extended to 6 bits if desired. A single sum 
term is complemented and fed back to the AND 
array which allows any of the product terms to 
be summed, complemented and used as inputs 
to the AND array. 


19 

110 
111 
NC 
112 
113 


PRE/OC 
The state and output registers are positive-edge 


triggered S/R flip-flops. These registers are 
unconditionally preset to logical 1 on power-up. 
Pin 19 can be used to preset both registers or 
by blowing the proper fuse be converted to an 
output control function. 


The 82S167AM is characterized for operation 
over the full military temperature range of 
~G§5°C to.-125-°C. The B62S167AC is 
characterized for operation from 0°C to 70°C. 


PRODUCT PREVIEW Copyright © 1985, Texas Instruments Incorporated toes 
This document contains information ae 
on a product under development. TEXAS 3.121 


Texas Instruments reserves the right 
without notice. POST OFFICE BOX 225012 © DALLAS, TEXAS 75265 } 


_ to change or discontinue this product IN STRU M ENTS 


82S167A 
14 x 48 x 6 FIELD PROGRAMMABLE LOGIC SEQUENCER 


functional block diagram (positive logic) 


PRE/OE 
CLK 
00-03 
10-113 
PO, P1 


3 


T Optional fuse-programmable 3-state ( YJ ) outputs 
“\,, denotes fused inputs 


291607 ajqeuiues601g-pjal4 : 
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RAMs and Memory-Based 
Code Converters 


- Designing with Texas Instruments : 
Field-Programmable Logic 


Mechanical Data 


6 


DEVICE 
27818 
27S18A 
27819 
-27S19A 
27820 
27821 
27828 
27829 
27830 
27831 
27832 
27833 
278180 
278181 
2738184 
278185 
278191 


27S191A 


3601 
3604 
3605 
3608 
3621 
3624 
3625 
3628 
3636 
6300-1 
6301-1 
6308-1 
6309-1 
6330-1 
6331-1 
6340-1 
6341-1 
6348-1 
6349-1 
6352-1 
6353-1 
6380-1 
6381-1 
6388-1 


6389-1 - 


63S081 
638168 
638168 
7117 
7118 
7121 


1 
1A 


BIPOLAR PROM CROSS-REFERENCE GUIDE 


MANUFACTURER 
AMD 
AMD 
AMD 
AMD 
AMD 
AMD 
AMD 
AMD 
AMD 
AMD 
AMD 
AMD 
AMD 
AMD 
AMD 
AMD 
AMD 
AMD 
INTEL 
INTEL 
INTEL 
INTEL 
INTEL 
INTEL 
INTEL 
INTEL 
INTEL 
MMI 
MMI 
MMI 
MMI 
MMI 
MMI 
MMI 
MMI 
MMI 
MMI 
MMI 
MMI 
MMI 
MMI 
MMI 
MMI 
MMI 
MMI 
MMI 
FUJITSU 
FUJITSU 
FUJITSU 


TI 
TBP18SA030 
TBP38SA030 
TBP18S030 
TBP38S030 
TBP24SA10 
TBP24S10 
TBP28SA42 
TBP28S42 
TBP28SA46 
TBP28S46 
TBP24SA41 
TBP24S41 
TBP28SA86A 
TBP28S86A 
TBP24SA81 
TBP24S81 
TBP38S166-45 
TBP38L166-35 
TBP24SA10 
TBP28SA46 
TBP24SA41 
TBP28SA86A 
TBP24S10 
TBP28S46 
TBP24S41 
TBP28S86A 
TBP28S166 
TBP24SA10 
TBP24S10 
TBP28LA22 
TBP28L22 
TBP18SA030 
TBP18S030 
TBP28SA46 
TBP28S46 
TBP28SA42 
TBP28S42 
TBP24SA41 
TBP24S41 
TBP28SA86A 
TBP28S86A 
TBP24SA81 
TBP24S81 
TBP38S030 
TBP28S166 
TBP38L166-35 
TBP28LA22 
TBP28L22 
TBP24SA41 


DEVICE 
7122 
7123 
7124 
7127 
7128 
7131 
7132 
7138 
748188 
74S287 
748288 
748387 
748470 
748471 
748472 
748473 
748474 
74S475 
748572 
74S573 
7602 
7603 
7608 
7610 
7611 
76161 
76161 
7640 
7640 
7641 
7641 
7642 
7642 
7643 
7643 
7648 
7649 _— 
7680 
7680 
7681 
7681 
7684 
7684 
7685 
7685 
82S23 
82S23A 
8258123 
82S123A 


MANUFACTURER 


FUJITSU 
FUJITSU 
FUJITSU 
FUJITSU 
FUJITSU 
FUJITSU 
FUJITSU 


- FUJITSU 


NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
NATIONAL 
HARRIS 
HARRIS 
HARRIS 
HARRIS 
HARRIS 
HARRIS 
MOTOROLA 
HARRIS 
MOTOROLA 
HARRIS 
MOTOROLA 
HARRIS 
MOTOROLA 
HARRIS 
MOTOROLA 
HARRIS 
HARRIS 
MOTOROLA 
HARRIS 
HARRIS 
MOTOROLA 
HARRIS 
MOTOROLA 
HARRIS 
MOTOROLA 
SIGNETICS 
SIGNETICS 
SIGNETICS 
SIGNETICS 


TI 
TBP24S41 
TBP28SA42 
TBP28S42 
TBP24SA81 
TBP24S81 
TBP28SA86A 
TBP28S86A 
TBP28S166 
TBP18SA030 
TBP24S10 
TBP18S030 
TBP24SA10 
TBP28LA22 
TBP28L22 
TBP28S42 
TBP28SA42 
TBP28S46 
TBP28SA46 
TBP24SA41 
TBP24S41 
TBP18SA030 
TBP18S030 
TBP28S2708A 
TBP24SA10 
TBP24S10 
TBP28S166 
TBP28S166 
TBP28SA46 
TBP28SA46 
TBP28S46 
TBP28S46 
TBP24SA41 
TBP24SA41 
TBP24S41 
TBP24S41 
TBP28SA42 
TBP28S42 
TBP28SA86A 
TBP28SA86A 
TBP28S86A 
TBP28S86A 
TBP24SA81 
TBP24SA81 
TBP24S81 
TBP24S81 
TBP18SA030 
TBP38SA030 
TBP18S030 
TBP38S030 


BIPOLAR PROM CROSS-REFERENCE GUIDE 
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DEVICE MANUFACTURER Tl DEVICE MANUFACTURER TI 
825126 SIGNETICS TBP24SA10 878184 NATIONAL TBP24SA81 
825129 SIGNETICS TBP24S10 87S185 NATIONAL TBP24S81 
828136 SIGNETICS TBP24SA41 87S191 NATIONAL TBP28S166 
828137 SIGNETICS TBP24S41 87S191A NATIONAL TBP38S166-45 
825140 SIGNETICS TBP28SA46 87S191B NATIONAL TBP38S 166-35 
825141 SIGNETICS TBP28S46 93417 FAIRCHILD TBP24SA10 
825146 SIGNETICS TBP28SA42 93427 FAIRCHILD TBP24S10 
828147 SIGNETICS TBP28S42 93438 FAIRCHILD TBP28SA46 
825180 SIGNETICS TBP28SA86A 93448 FAIRCHILD TBP28S46 
825181 SIGNETICS TBP28S86A 93450 FAIRCHILD TBP28SA86A 
82LS181 SIGNETICS TBP28L86A 93451 FAIRCHILD TBP28S86A 
82S184 SIGNETICS TBP24SA81 93452 FAIRCHILD TBP24SA41 
82S185 SIGNETICS TBP24S81 © 93453 FAIRCHILD TBP24S41 
828191 SIGNETICS TBP28S166 93511 FAIRCHILD TBP28S166 
82S191B SIGNETICS TBP38L166-45 93511C FAIRCHILD TBP38L166-45 
82S2708 SIGNETICS TBP28S2708A 93514 FAIRCHILD TBP24SA81 
87S180 NATIONAL TBP28SA86A 93515 FAIRCHILD TBP24S81 
87S181 NATIONAL TBP28S86A 


SCHOTTKY TBP18S030, TBP18SA030 
PROMS 256 BITS (32 WORDS BY 8 BITS) 
PROGRAMMABLE READ-ONLY MEMORIES 


SEPTEMBER 1979—REVISED AUGUST 1984 


& Titanium-Tungsten (Ti-W) Fuse Link for TBP18SA030, TBP18S030 .. . J OR N PACKAGE 
Reliable Low-Voltage Full Family Compatible (TOP VIEW) 
Programming 


@ Full Decoding and Fast Chip Select Simplify 
System Design 


@ P-N-P Inputs for Reduced Loading on 
System Buffers/Drivers 


@ Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 
Address Mapping/Look-Up Tables 


® Choice of 3-State or Open-Collector Outputs 


description 


These monolithic TTL programmable read-only memories (PROMs) feature titanium-tungsten (Ti-W) fuse 
links with each link designed to program in 20 microseconds. The Schottky-clamped versions of these 
PROMs offer considerable flexibility for upgrading existing designs or improving new designs as they feature 
full Schottky clamping for improved performance, low-current MOS-compatible p-n-p inputs, choice of 
bus-driving three-state or open-collector outputs, and improved chip-select access times. 


Data can be electronically programmed, as desired, at any bit location in accordance with the programming 
procedure specified. All PROMs are supplied with a low-logic level output condition stored at each bit 
location. The programming procedure open-circuits Ti-W metal links, which reverses the stored logic level 
at selected locations. The procedure is irreversible; once altered, the output for that bit location is 
permanently programmed. Outputs that have never been altered may later be programmed to supply the 
opposite output level. Operation of the unit within the recommended operating conditions will not alter 
the memory content. 


A low level at the chip-select input(s) enables each PROM. The opposite level at any chip-select input causes 
the outputs to be off. 


a 
= 
O 
c 
a 
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The three-state output offers the convenience of an open-collector with the speed of a totem-pole output; 
it can be bus-connected to other similar outputs yet it retains the fast rise time characteristic of the TTL 
totem-pole output. The open-collector output offers the capability of direct interface with a data line having 
a passive pull up. 


A MJ suffix designates full-temperature circuits (formerly 54 Family) and are characterized for operation 
over the full military temperature range of —55°C to 125°C. A J or N suffix designates commercial- 
temperature circuits (formerly 74 Family) and are characterized for operation from O°C to 70°C. 
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‘PROGRAMMABLE READ-ONLY MEMORIES 


logic symbol 


TBP18S030 TBP18SA030 
PROM 32 X 8 PROM 32 X 8 


ee 

ae 

Soa EQUIVALENT OF INPUTS TYPICAL OF ALL TYPICAL OF ALL TBP18S030 OUTPUTS 
= Vee TBP18SA030 OUTPUTS Vic 

as 58 2 NOM 

ae OUTPUT 

ae 


OUTPUT 


PROGRAMMING CIRCUIT 
NOT SHOWN PROGRAMMING CIRCUIT NOT SHOWN 


~ absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


ey NOU Bee (BOE Meats hic 5-<: scien eka Dae oad ob woes Ree Lay Fe EMRE SN RARE Se ET Tae wae aa eis 7V 
I eo BEA, SO Sr EMR eae. OD eG PRE) FER Py BPE Oar i Sr re teen are SY tn ERS 5.5V 
2 ISSO OMMIMIL VOM ANG ~ so yoo s x acevt Flos Maco es wader e eben bia Rice ewe Caleta aaaeriee tense tenes 5.5V 
. 4 Operating free-air temperature range: Full-temperature-range Circuits ........... 0. eee eee eens —55°C to 125°C 
aoe Commercial-temperature-range CircuitS ............. ee eee eee O°C to 70°C 
ert. Bisdamee teriecatisrin FOTIA 6 6,53 Sco s ake A ev ES aes Re ew oy we Ey eee Pes es —65°C to 150°C 
Be: ae recommended conditions for programming TBP18S’, TBP18SA PROMs 
ahs 
ae 
aad 


Free-air temperature 


NOTES: 1. Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming. 
2. The TBP18S030, TBP18SA030 are supplied with all bit locations containing a low logic level, and programming a bit changes 
the output of the bit to high logic level. 
3. Programming is guaranteed if the pulse applied is 98 ys in duration. 
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TBP18S030, TBP18SA030 


256 BITS (32 WORDS BY 8 BITS) 


PROGRAMMABLE READ-ONLY MEMORIES 


programming procedure 


., 
Z 
3. 


10. 


1 bi VA 


Apply steady-state supply voltage (Vcc = 5 V) and address the word to be programmed. 
Verify that the bit location needs to be programmed. If not, proceed to the next bit. 


If the bit requires programming, disable the outputs by applying a high-logic level voltage to the chip-select 
input(s). ; 


. Only one bit location is programmed at a time. Connect each output not being programmed to 5 V through 


3.9 kQ and apply the voltage specified in the table to the output to be programmed. Maximum current into the 
programmer output is 150 mA. 


Step Vcc to 9.25 nominal. Maximum supply current required during programming is 750 mA. 


. Apply a low-logic-level voltage to the chip-select input(s). This should occur between 1 ws and 1 ms after Vcc 


has reached its 9.25 level. See programming sequence of Figure 2. 
After the X pulse time is reached, a high logic level is applied to the chip-select inputs to disable the outputs. 


Within the range of 1 ws to 1 ms after the chip-select input(s) reach a high logic level, Vcc should be stepped 
down to 5 V at which level verification can be accomplished. 


. The chip-select input(s) may be taken to a low logic level (to permit program verification) 1 ws or more after Vcc 


reaches its steady-state value of 5 V. 


At a Y pulse duty cycle of 35% or less, repeat steps 1 through 8 for each output where it is desired to program a 
bit. 
Verify accurate programming of every word after all words have been programmed using Vcc values of 4.5 and 


5.5 volts. 


5V 


9k 
ne © : 


LOAD CIRCUIT FOR EACH OUTPUT 
NOT BEING PROGRAMMED OR FOR 
PROGRAM VERIFICATION 


FIGURE 1 — LOAD CIRCUIT 


VERIFY le Y 3Y TYPICAL___. 
NEED TO yi Sa fe PROGRAM 9.25V 
PROGRAM REMOVE Vcc TO ee ad 
Vcc 

—-—-— ov 


r : —— Vir 


ViL 
APPLY REMOVE 
VOl(pr) VOl(pr) 


FIGURE 2 — VOLTAGE WAVEFORMS FOR PROGRAMMING 
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.‘TBP18S030 : 
_- 256 BITS (32 WORDS BY 8 BITS) 
-__ PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS 


eae recommended operating conditions (see Note 4) 


TBP18S030 
PARAMETER 


Cc 


NIT 


3 
> 


yl 
= 
~ 
oa 
a 
-" 
NO | i] 
oO my} o 


pee’ 
SJ} Nh 
o;a 
° 
oO 


Operating free-air temperature, Ta 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 
(see Note 4) 


FULL TEMP COMM. TEMP 
PARAMETER TEST CONDITIONST (MJ) (J,N) UNIT 


MIN TYP MAX MIN TYP? MAX 
Vi} High-level input voltage 2 


- He Tevet Tape votne Rare a 
— ——|_Mik__Input clamp voltage Vere B= Slama es. I 


eee ; Vec=MIN, Viy=2V, 
| VoH_ High-level output voltage 24 3.4 2.4 3.2 
< | OH High-level output voltag ViL=0.8V, Io = MAX 
Be VoL Low-level output volta “one oWt es 
w-ievel output vo e 
ob: re ViL=0.8V, Io. = MAX 
Off-state output current, Vcc = MAX, Vip=2V, 
ZH high-level voltage applied | Vo=2.4V 
ZL 


V 


= 
> 


3 
> 


Input current at maximum 
vee : ihe " : e 2 
input voltage 


I 
li —- High-level input current Vcc = MAX, W=2.7V 
i Low-level input current Vcc = MAX, Vj=05V 


los __Short-circuit output currents | Vcc = MAX, —30 —100 
Chi lect(s) atO V, 
: Ilcc Supply current ip aalocns) 80 110 80 110 
sate Outputs open, 


N 
oa 


| 

| 
N 
ol 


_ See 
' Off-state output current, Vcc = MAX, Vip=2V, 
0 low-level voltage applied V9 =0.5V 

: 


See Note 5 


switching characteristics over recommended ranges of Ta and VCC (unless otherwise noted) 
ta(A) 
ACCESS TIME FROM_ | ACCESS TIME FROM CHIP DISABLE TIME FROM 
ADDRESS SELECT (ENABLE TIME) HIGH OR LOW LEVEL 


TYPE 
MIN TyYPt MAX MIN Typt MAX MIN TyPt MAX 


ta(A) and tas), 
5 pF for tgis, 
TBP18S030 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
+All typical values are at Vcc = 5 V, Ta = 25°C. 
8Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
NOTES: 4. MJ designates full-temperature circuits (formerly 54 Family), J and N designate commercial-temperature circuits (formerly 
74 Family). 
5. The typical values of Icc.are with all outputs low. 
6. Load circuits and voltage waveforms are shown in Section 1. 
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CONDITIONS 
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TBP18SA030 
256 BITS (32 WORDS BY 8 BITS) | 
PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS 


recommended operating conditions (see Note 4) 


PARAMETER 
Supply voltage, Vcc 


Pipk inoaliacaictinas oi Sate ee en eae 


TBP18SA030 


4.75 5 5.25 


Low-level output current, lo. 


Operating free-air temperature, Ta 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


MIN Tye 
Mn mete ie op een ee 
Meo eugene 8 ore eee ee ee 


VOH=2.4V 
VoH = 5.5 V 


Vv = MIN, Vin =2V, 
VOL Low-level output voltage CC 1H 
ieee loL = MAX 


0 70 


High-level output current 


Input current at maximum 
\ Vcc = MAX, Vj=5.5V 
input voltage 


Vec=MAX, i= 2.7V 
Voc = MAX, 

Vcc = MAX, 
Chip select(s) atO V, Outputs open, 
See Note 5 


V,=0.5V 


Supply current 


tPLH 


tia) 2 ‘alS) PROPAGATION DELAY 
TEST ACCESS TIME FROM ae sath sega TIME, LOW-TO-HIGH-LEVEL 
CONDITIONS ADDRESS OUTPUT FROM CHIP 
(ENABLE TIME) 


TBP18SA030MJ 


TBP18SA030 


See Note 6 


tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
+All typical values are at Vcc = 5 V, Ta = 25°C. 
NOTES: 4. MJ designates full-temperature circuits (formerly 54 Family), J and N designate commercial-temperature circuits (formerly 
74 Family). 
5. The typical values of Icc are with all outputs low. 
6. Load circuits and voltage waveforms are shown in Section 1. 
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SERIES 24 AND 28 
STANDARD AND LOW POWER PROGRAMMABLE READ-ONLY MEMORIES 


SEPTEMBER 1979—REVISED AUGUST 1984 


@ Expanded Family of Standard and Low @ P-N-P Inputs for Reduced Loading On 3 
Power PROMs System Buffers/Drivers = 
@ Titanium-Tungsten (Ti-W) Fuse Links for @ Each PROM Supplied With a High Logic ; 
Reliable Low-Voltage Full-Family-Compatible Level Stored at Each Bit Location : 

p s 

it Naecblnack @ Applications Include: 

@ Full Decoding and Fast Chip Select Simplify Microprogramming/Firmware Loaders = 
System Design Code Converters/Character Generators ee 
Translators/Emulators BF 
description Address Mapping/Look-Up Tables 4 ; 
The 24 and 28 Series of monolithic TTL programmable read-only memories (PROMs) feature an expanded = 
selection of standard and low-power PROMs. This expanded PROM family provides the system designer Pe; 
with considerable flexibility in upgrading existing designs or optimizing new designs. Featuring proven x 
titanium-tungsten (Ti-W) fuse links with low-current MOS-compatible p-n-p inputs, all family members utilize sae 
a common programming technique designed to program each link with a 20-microsecond pulse. 3 
Se 
The 4096-bit and 8192-bit PROMs are offered in a wide variety of packages ranging from 18-pin 300 mil- $y 
wide thru 24 pin 600 mil-wide. The 16,384-bit PROMs provide twice the bit density of the 8192-bit PROMs =f 
and are provided in a 24 pin 600 mil-wide package. fe 


All PROMs are supplied with a logic-high output level stored at each bit location. The programming procedure eas 
will produce open-circuits in the Ti-W metal links, which reverses the stored logic level at the selected ae 
location. The procedure is irreversible; once altered, the output for that bit location is permanently ae 
programmed. Outputs that have never been altered may later be programmed to supply the opposite output 
level. Operation of the unit within the recommended operating conditions will not alter the memory content. 


Active level(s) at the chip-select input(s) (S or S) enables all of the outputs. An inactive level at any chip- 
select input causes all outputs to be in the three-state, or off condition. 


standard PROMs 


The standard PROM members of Series 24 and 28 offer high performance for applications which require 
the uncompromised speed of Schottky technology. The fast chip-select access times allow additional 
decoding delays to occur without degrading speed performance. 


PACKAGEt AND 
TEMPERATURE RANGE 
DESIGNATORS 


TYPICAL PERF 
oeTet = Afton. cee . COMER 
CONFIGURATION? | (ORGANIZATION) 
DISSIPATION 


ADDRESS | SELECT 
TBP24S10 MJ, J, N 


| TBP24S10 | 1024 Bits = - aie a 
- ns n 
TBP24SA10 MJ, J, N (256W x 4B) “ = 


TBP28S42 MJ, J, N RR a 

TBP28SA42 MJ, J, N ee es 4096 Bits = S oc a 
ns ns 

TBP28S46 MJW, JW, NW See ee See ee i 


<a 


TBP28SA46 
pTep24saat | MNT C1024 x 48) 
i 2 eS a Se ee Re Se 8192 Bits | 4sns | 20ns | 625mW | 
45 ns 20 ns 625 mW 


TBP24SA81 MJ, J, N eae SS ee 
TBP28S86A MJW, JW, NW eee Aes 


8192 Bits 
TBP28SA86A MJW, JW, NW Sees Se! 45ns | 20ns 625 mW 
(1024 x 8B) | 
waa Wwe 
16,384 Bits 
TBP28S166 NW 35ns | 15ns 650 mW 
(2048W x 8B) 


TMJ and MJW designates full-temperature-range circuits (formerly 54 Family), J, JW, N, and NW designates commercial-temperature- 
range circuits (formerly 74 Family). 
+ 9 = three state, Q= open collector. 


Copyright © 1985, Texas Instruments Incorporated 
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SERIES 24 AND 28 | 
STANDARD AND LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES 


low power PROMs 


To upgrade systems utilizing MOS EPROMs or MOS PROMs, or when designing new systems which do 
not require maximum speed, the low-power PROM family offers the output drive and speed performance 


of bipolar technology, plus reduced power dissipation. 


TYPICAL PERFORMANCE 


PACKAGE! AND 
OUTPUT BIT SIZE 
TYPE NUMBER | TEMPERATURE RANGE ACCESS TIMES POWER 
(ORGANIZATION) 
DISSIPATION 


NFIGURATION# 
DESIGNATORS ie ADDRESS | SELECT 


2048 Bit 
= 45ns | 20ns 375 mW 
(256W x 8B) 


4096 Bits 
| isiaw so | | 
8192 Bits 
(1024W x 8B) 80 n= 
16,384 Bits 


TMJ and MJW designates full-temperature-range circuits (formerly 54 Family), J, JW, N, and NW designates commercial-temperature- 


range circuits (formerly 74 Family). 
+ 9 = three state, Q = open collector. 


schematics of inputs and outputs 
EQUIVALENT OF EACH INPUT EQUIVALENT OF 3-STATE OUTPUTS | EQUIVALENT OF OPEN-COLLECTOR 
OUTPUTS 


V 
Vcc CC 


OUTPUT 


OUTPUT 


Programming circuits not shown Programming circuit not shown 


Programming circuit not shown 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Reameeney irsrticaee ier Pures oer oS eo Se a at es Se Ve ee a ee eee ad 7V 
PURER URIIRIIIEN si eicare Oe 8s ee ade eee i OES TE ere ae eich eee at ie ee a Vv 
Chip-select peak input voltage (S, S1, S2) (see Note 2)........0......... 00.2... 00 0c eee 11 V 
PeEeCUMPe OUTIL WItLaG o>) ac7i, Chareiseaow heal Sethe hers ate nie glows & Get nage a AP de, oe 5.5 .V 

16.25 V 


Off-state peak. output voltage (see Note 2) si 6.3 inne Sas os ae SE ei we 
Operating free-air temperature range: Full-temperature-range circuits (M suffix) =—55°C to 725°C 
Commercial-temperature-range circuits........ O°C-to) 7G2E 


BLGradS LOMPELSIUIG TARE: 65... a ci Wc a se sk ae Bee be ree ~6S "Cito -1560°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. These ratings apply only under the conditions described in the programming procedure. 
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TBP24S10 
1024 BIT (256 WORDS BY 4 BITS) — 4 
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS _— 


logic symbol pin assignment . e 
TBP24S10 TBP24S10 ie a 

- =s 

Sate eee J or N PACKAGE ae 

(TOP VIEW) é 


recommended operating conditions 


PARAMETER 


Vcc Supply voltage 


Vi ___High-Tevel input voltage 


SE pew ral ot oalane SSRN ER o ERB 2 
loL Low-level output current ees ee 


TA Operating free-air temperature range 


: J OR N 
TEST CONDITIONS ; ; 
MIN TYP MAX MIN TYP MA 


Vcc = MIN, loH = MAX 24-2347 2:4 = 9A 
Voc = MIN, lo, = 16 mA ee, ee 
Voc = MAX, Vo = 2.4V Ba oc tee 
Voc = MAX, Vo = 0.8V po ae eee ee 
Voc = MAX i= 5.5 V SPS CAE A 2. 
Voc = MAX, = 27V 
Voc = MAX, vr = 0.5 V =0.25 z 
Vcc = MAX — 30 -~100 | -30 —~100 ie 
sti | 
oe iene een iss ee 75__100 = 
wee 
switching characteristics over recommended ranges of TA and VCC (unless otherwise noted) as 
oA 
TEST J OR N 7 : 
PARAMETER ; UNIT 
CONDITIONS MIN TYP+ MAX | MIN TYP* MAX 
ta(a) Access time from address CL = 30 pF 35.75 35 55] ns | 
ta(S) Access time from chip select (enable time) See Note 3 20 40 20 35 Ae Spee: 
= 3 CL = 5 pF y 
tdis Disable time 15 40 15 35 S 
See Note 3 oe 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
+All typical values are at Vcc = 5 V, Ta = 25°C. 

8Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. f 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TBP24SA10 | 
1024 BITS (256 WORDS BY 4 BITS) 
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS 


logic symbol pin assignment 
TBP24SA10 TBP24SA10 
J OR N PACKAGE 
iti casa (TOP VIEW) 


AO 0 

Al 

A2 ao 
A3 Qi 
Aa Q2 
A5 Q3 


AG 
A7 
G2 
G1 


recommended operating conditions 


PARAMETER 


Vcc Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

VOH High-level output voltage 

IOL Low-level output current 

Ta Operating free-air temperature range 


PARAMETER 
VIK 


l) = —18 mA 


VOH = 2.4 V 


VOH F 


fo} 
= 


5.5. V 
[OL = 16 mA SRLS. 2 eee 
v= 85V ere 

Vj = 2.7 V 
Vi = 0.5V 


i 
oO 
- 


= 


tPLH 


. TE See ee 
PARAMETER i ae 
CONDITIONS MIN TYP* MAX 
ta(A) Access time from address Cy = 30 pF 35 7 35 65 tee 
ta($) Access time from chip select (enable time) RL1 = 3002 20. 40 20.” -.. SRE ans.) 
Propagation delay time low-to-high-level Ri2 = 6002 te 


output from chip select See Note 3 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
+All typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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| - 4096 BITS (512 WORDS BY 8 BITS) 
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS 


logic symbol pin assignment 


TBP28S42 TBP28S42 
J OR N PACKAGE 


(TOP VIEW) 


PROM 512 X 8 


AO 0 (6) 
- Qo 
A2 o 
oa Q2 
A4 = 
a 4 
me Q5 
at 6 
Q7 


A8 


Q)| 


recommended operating conditions 


PARAMETER 


Vcc Supply voltage 


VIH High-level input voltage 
VIL Low-level input voltage 
IOH High-level output current 


IOL Low-level output current 


TA Operating free-air temperature range 


J OR N 


TEST CONDITIONS? 
| ___tesrconomonst aera FT 
Vcc = MIN, ) = -18 mA 
Vec = MIN, loH = MAX 
Vcc = MIN, lol = 16 mA 
Vcc = MAX, Vo = 2.4V 
Vcc = MAX, Vo = 0.5 V 
Vcc = MAX, Vi = 5.5V 
Vec = MAX, Vi = 2.7V 
Vcc = MAX, Vi = 0.5 V 


TEST M 


PARAMETER : UNIT 
CONDITIONS MIN TYP* MAX | MIN TYP MAX 
ta(A) Access time from address Ci = 30 pF 35 70 35 60 
ta(S) Access time from chip select (enable time) See Note 3 20 45 20 
5 45 


t Disable 6 ee 1 
i isabie time 
dis See Note 3 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 

All typical values are at Vcc = 5 V, Ta = 25°C. 

8Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TBP28SA42 
4096 BITS (512 WORDS BY 8 BITS) 
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS 


logic symbol pin assignment 
TBP28SA42 rantecAae 
PROM 512 X8 J OR N PACKAGE 
(TOP VIEW) 


AO 0 6 
(6) a0 
Al 
Q1 
A2 ss 
A3 
Q3 
A4 
Q4 
fi O5 
AG 
O6 
A7 
Q7 
A8 
G 


recommended operating conditions 


PARAMETER 


Vec Supply voltage 


ViH High-level input voltage 
ViL Low-level input voltage 
VOH High-level output voltage 
lOL Low-level output current 


TA Operating free-air temperature range 


J ORN 
MIN TYP MAX | MIN TYP* MAX 


=0.25 
05138 


TEST 
CONDITIONS MIN TYP MAX | MIN” TYP? 
CL = 30 pF 36." 78 


Access time from chip select (enable time) = 300 2 20 
Propagation delay time low-to-high-level = 600 2 
output from chip select See Note 3 


v TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
+All typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TBP28S46 
4096 BITS (512 WORDS BY 8 BITS) 


STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS 


logic symbol pin assignment 
TBP28S46 TBP28S46 


PROM 512 X8 JW OR NW PACKAGE 
(TOP VIEW) 


(8) 


AO 0 


PARAMETER 


Supply voltage 
VIH High-level input voltage 
VIL Low-level input voltage 
IOH High-leve] output current 


IOL Low-level output current 
Operating free-air temperature range 


Vee = MIN, = 18 mA S 
c 
Voc = MIN. lo, = 16 mA Ob] Oe 
Voc = MAX, Vo = 24V Pr eee a 
Voc = MAX, Vo = 0.5V RRS 6 RRS Tz a 
Veo = MAX, Vi = 5.8 Ret es br 
Voc = MAX, = 2.7V 
Vec = MAX, Vi = 0.5 
Vcc = MAX 
Beet oS Gas ast LEAS, 
switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 
CONDITIONS 
Seo Noted of 20a 20 oS fm 
i RR ES) 
See Note 3 
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
tAIl typical values are at Vcc = 5 V, Ta = 25°C. 
SNot more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
ag 
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TBP28SA46 | 
4096 BITS (512 WORDS BY 8 BITS) 
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS 


logic symbol pin assignment 

Ss TBP28SA46 TBP28SA46 

: eer Ta JW OR NW PACKAGE 
rat (TOP VIEW) 


AO 0 


1 Al ao 
; A2 a1 
A3 Q2 
A4 a3 
AS a4 
| AG a5 
A7 as 


A8 
G4 
G3 
G2 
G1 


recommended operating conditions 


| JW OR NW 
PARAMETER UNIT 


Vcc Supply voltage 
; VIH High-level input voltage 
VIL Low-level input voltage 
VOH High-level output voltage 
IOL Low-level output current 
TA Operating free-air temperature range 


EEREEE 


MIN TYP? _ MAX 
Vcc = MIN, | = —18mA ~1.2 = 1.2 
in SRS DORLL | ey 
Vcc = MIN, mA 
Vou = 55V ee oe 
oe ee 
a a Se Ve 
Ei ec MAX, M2 
Voc = MAX, Wi = 0.5 V 
lec Vcc = MAX 100 135 


Jw OR NW 
PARAMETER 
MIN TYP* MAX | MIN TYP? MAX 
3 


C_ = 30 pF 35 75 35 65 
ta(S) Access time from chip select (enable time) Ri1 = 300 2 20 45 
He 


ta(A) Access time from address 


Cc 
< 
=| 


Propagation delay time low-to-high-level Ri2 = 6002 15 40 , 


ie) 
o1 


tPLH 


output from chip select See Note 3 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
+All typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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| TBP24S41 
4096 BITS (1024 WORDS BY 4 BITS) 
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS 


logic symbol pin assignment 
TBP24S41 TBP24S41 
J OR N PACKAGE 
(TOP VIEW) 


PROM 1024 X 4 


AO 0 


Al 
A2 
A3 
A4 
A5 
AG 
A7 
A8 
AQ 
G2 
G1 


recommended operating conditions 


PARAMETER 


Vcc Supply voltage 


ViH High-level input voltage 

VIL Low-level input voltage 

IOH High-level output current 

loL Low-level output current 

Ta Operating free-air temperature range 


PARAMETER TEST CONDITIONST 


J OR N 
UN 


MIN TYP* MAX 


MIN TYP* MAX 


Vee = MIN, = 18 mA 42 
Voc = MIN, lo, = 16 mA ame Te 

Veo = MAX, _Vo-= 2.4V 

Vee = MAX, Vo = 0.5V ere ens 

Le eee Vcc = MAX, Vi = 5.5 V pes Se ae 

Voc = MAX, Wy = 2.7V 

Vcc = MAX, Vj = 0.5 V -0.2 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


TEST TORN 
PARAMETER UNIT 
CONDITIONS MIN TYP MAX MIN TYP MAX 


io) 


ta(A) Access time from address C_ = 30 pF 40 75 
ta(S) Access time from chip select (enable time) See Note 3 20 40 
ie) 40 20 


: ; Ci = 5 pF 
tdis Disable time Sanlhnte 3 2 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 

tAll typical values are at Vcc = 5 V, Ta = 25°C. 

8Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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-TBP24SA41 : | 


E 

4096 BITS (1024 WORDS BY 4 BITS 

$ STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS 
os logic symbol pin assignment 

a TBP24SA41 TBP24SA41 

ee Sean pon ae J OR N PACKAGE 

: (TOP VIEW) 

s recommended operating conditions 


PARAMETER 


Vcc Supply voltage 
zy VIH High-level input voltage 
ee VIL _ Low-level input voltage 
VOH High-level output voltage 
lOL Low-level output current 
TA Operating free-air temperature range 


Fast bonis" 
Voc = MIN, y= 18 mA 

Voi 2av Ps OO Oe 
. IOH Vcc = MIN, mA 
2 rN Keeeon emseeoae <5 enseeeE TG es 
2 = MAX =8.5V Pete ee oma 
Et Se ee ee we 
a5 140] 98 140] mA | 


TEST 
CONDITIONS 


Cj = 


TORN 
; UNIT 
MIN TYP MAX | MIN TYP MAX 
2060 ns 
ta(S) Access time from chip select (enable time) 20 30 bang: | 


Propagation delay time low-to-high-level 
tPLH : 2 40 20 
output from chip select See Note 3 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
All typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TBP24S81 
8192 BITS (2048 WORDS BY 4 BITS) 
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS 


logic symbol pin assignment 
TBP24S81 genes: 
: J 
PROM 2048 X 4 OR N PACKAGE 
(TOP VIEW) 


0 


recommended operating conditions 


PARAMETER 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


TEST TORN 
PARAMETER UNIT 
CONDITIONS MIN TYP MAX MIN TYP MAX 


ta(A) Access time from address = 30 pF 45 85 i ee 
ta(S) Access time from chip select (enable time) + Note 3 20 50 20 40] ns | 


= 5 pF 
t Disable time 20 50 20 4 
ne Note 3 pc a OR fc am ees 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 

+All typical values are at Vcc = 5 V, Ta = 25°C. 

8Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TBP24SA81—t*s 
8192 BITS (2048 WORDS BY 4 BITS) | | 
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS 


RRS it SES) SEER, CEE A SS ETS ETS A 


% logic symbol pin assignment 
ae TBP24SA81 TBP24SA81 


ie aca uae an J OR N PACKAGE 
xe eh 0 (TOP VIEW) 
z at 
se A2 
P A3 
A4 a0 
i AS Q1 
at AS Q2 
. AT a3 
A8 
‘ AQ 
£ A10 
; q—10) PNlen 


eet recommended operating conditions 


sacs MIN NOM MAX | MIN NOM MAX 
Vcc Supply voltage 4.5 5 5.5 4.75 5 5.25 


< 


VIL Low-level input voltage 


VOH High-level output voltage Saree 2 


2 
lot Low-fevel output cure pees) STE Sea J 
Ta ’ Operating free-air temperature range —55 125 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


TORN 
TEST CONDITIONST NIT 
MIN TYP+ MAX 


MIN TYP* MAX 


EERE 


—14.2 


Cf ee ee 
i eee Oe 
iS EEG or TSE ERT SES 
5 oo eee ee ony 
Sy 125175 


TEST = 
CONDITIONS MIN TYP MAX MIN TYP* MAX 
5 9 


tee CL = 30 pF 4 5 


Access time from chip select (enable time) Ri1 = 300 2 


Propagation delay time low-to-high-level Ri2 = 600 2 


output from chip select See Note 3 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
+All typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TBP28S86A ts 
8192 BITS (1024 WORDS BY 8 BITS) _ 
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS 


4 
logic symbol in 
TBP28S86A pin assignment TBP28S86A : 
PROM 1024 X 8 JW OR NW PACKAGE - 
(8) (TOP VIEW) 
AO 0 


Al 
A2 
A3 
A4 
A5 
AG 
A7 
A8 
AQ 
G4 
G3 
G2 
G1 


ie 


recommended operating conditions 


RPS JW_OR NW 


UNIT x 


Vec Supply voltage 

ViH High-level input voltage 

VIL Low-level input voltage 

IOH High-level output current 

IO Low-level output current 

TA Operating free-air temperature range 


TW OR NW 


TEST CONDITIONST 


MIN TYP? MAX oe 

Vec = MIN, i) = —18 mA 

Voc = MIN, loH_= MAX 
Voc = MIN, fol = 12 mA ie OOS Y ARERR : 
Voc = MAX, Vo=2.4V Ee ee ps Oe 
Voc = MAX, Vo = 0.6V Ra. 6 Re = 

Voc = MAX, vi = BV ee beg ot 
Veo = MAX, = 2.7V | 
Vcc = MAX, Vj = 0.5V 3 
Vec = MAX [=15 100 [-20 =~ 100 | ma | 

170170 110 165 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


ae. TEST JW OR NW 

CONDITIONS MIN TYP+ MAX | MIN TYP+ MAX 

taA) Access time from address CL = 30 pF 35 80 

ta(S) Access time from chip select (enable time) See Note 3 20 50 
15 40 


Ci = 5 pF 
; : 


See Note 3 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 

+All typical values are at Vcc = 5 V, Ta = 25°C. 

$Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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tdis Disable time 
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TBP28SA86A 
8192 BITS (1024 WORDS BY 8 BITS) 
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS 


logic symbol pin assignment 
TBP28SA86A TBP28SA86A 
PROM 1024X8 JW OR NW PACKAGE 


(TOP VIEW) 


AO 0 

Al ao 
A2 Qi 
A3 Q2 
A4 03 
AS Q4 
AG Q5 
A7 Q6 
A8 Q7 
AQ 

G4 

G3 

G2 


G1 


recommended operating conditions 


PARAMETER 


Vcc Supply voltage 


Vil High-level input voltage Ree fn eR ee ee 
Vi____ Low-level input voltage Cee ee ee ee 
Von High-level output voltage eS Si ee 
lOL Low-level output current 12 
Ta Operating free-air temperature range 
"~ J . a s . . 
37. electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 
© JW OR NW 
PARAMETER TEST CONDITIONS? UNIT 
TEE ECE Eo ee ee ee | 
Yon=24V 0 ft  OOR | Oe 
Nice ae MIN. MA STA ES ae 
oe * Vou = 5 V eT BNC! 5 EAE 
Voc = MIN, lo, = 12 mA RRR SS REA: Fes 
ay vee = MAX eV EASES & SESE SHE 
Ses SRE MEO I VS AG RLS PR RERAR BNE. 5 LS 
Veo = MAX, WS OB V nn ees | ea 
Voc = MAX 125178 
switching characteristics over recommended ranges of Ta and Vcc (unless otherwise noted) 
TEST swornw Ty, 
CONDITIONS MIN TYP* MAX | MIN TYP* MAX 
C= 30eF [36 80 3570 | ns | 
R.y= 3000 [20 so] 20 40| ns | 
Propagation delay time low-to-high-level Ri2 = 6002 
tPLH ; : 15 35 
output from chip select See Note 3 
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
tAll typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
u 
4-24 TEXAS ai 


INSTRUMENTS 


POST OFFICE BOX 225012 @® DALLAS, TEXAS 75265 


eae 


a 


ea: << Se Ma ee See 


- TBP28S2708A 
8192 BITS (1024 WORDS BY 8 BITS) — 
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS Sy 


logic symbol pin assignment | . 
TBP28S2708A TBP28S2708A ¥ 
NW PACKAGE 


PROM 1024 X 8 = 
(TOP VIEW) ee 


GND 


recommended operating conditions 


Vcc Supply voltage ; 4.75 S °.-8:25 


VIH High-level input voltage 2 


VIL Low-level input voltage 


I 
e 
N 


IOH High-level output current 


— 
i) 


lOL Low-level output current 


2) 
sw 
o) 


TA Operating free-air temperature range 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS SEA. . OE U 
ViK 


MIN TYPt MAX . 
4: 


= EE 


Vcc = 4.75, | = =18 mA 
Vcc = 4.75, IOH = —3.2 mA 2.4 3.1 
0 


Voc = 4.78, lon = 12 mA So ee 
Voc = 525, Vo= 2a ee 


Vcc = 5.25, Vo = 0.5 V Reccng thn) See ae 
Vcc = 5.25, Vi = 5.5 V SP See, 
Vcc = 5.25, Vi = 2.7 V 
Vcc = 5.25, Vv) = 0.5 V 
mA 


i |! 
AO 
O}|N 
2) 


Vcc = 5.25 
Vec = 5.25 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


SiRAetER TEST py Wn) 
CONDITIONS MIN TYPt MAX 


ta(A) Access time from address Cy = 30 pF 


c 


~ 
oO 


NIT 


See Note 3 


ta(S) Access time from chip select (enable time) See Note 3 20 40 
: ; Ci = 5 pF 
tdis Disable time 20 40 


TAIl typical values are at Vcc = 5 V, Ta = 25°C. 
Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 


NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TBP28S166 . 
16,384 BITS (2084 WORDS BY 8 BITS) 
STANDARD PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS 


RS ETE RE TS DS SDR A SE ETS: TLL SEEN Ee ED 


ic symbol in assignment 
logic sy TBP28S166 P g TBP28S166 


PROM 2048 X 8 NW PACKAGE 
ae (TOP VIEW) 
Al A7 (1 U2al 
A2 Q0 A6 [2 
A3 sd as (3 
= v A4 [4 
A5 2 A3 
AG a4 A? 
aid a Al 
A8 Q6 ke 
Ag Q7 de 

A10 Q1 
G3 =H 
G2 


as GND 
G1 a 


recommended operating conditions 


Vcc Supply voltage 4.75 5.6.25 V 

VIH High-level input voltage 
VIL Low-level input voltage ARS eee TU ae 
lou High-level output current 
loL Low-level output current ‘4 


Operating free-air temperature range 


ES or 
Voc = 475, y= ~18 mA V 
VOH Vec = 4.75, IOH = -—3.2 mA V 
Vou Veo = 475, lon = 18 mA TRS GaN 
Pia la eee eae 
pion | eee eee ee 
2h Voc = 5.25, Vi = 5.5 Page eee 
fois |. vom Wet dt ee 
Voc = 5.25, Vi = 0.5V en ote fe 
Pog. 1 eee ee ee 
switching characteristics over recommended ranges of TA and VCC (unless otherwise noted) 
TEST GORE SRS 

CL = 30 pF aaa a ee 
See Note 3 eT te 

oT SS NSS SE 

See Note 3 
TAIl typical values are at Vcc = 5 V, Ta = 25°C. 
+Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
ij 
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 TBP28L22 
2048 BITS (256 WORDS BY 8 BITS) — 
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS 


logic symbol pin assignment Bees 
TBP28L22 TBP28L22 a a 

PROM 256 X 8 cBatsh heats cece 

(TOP VIEW) pat 

Pee 

ae 

me 

=a ay: 

een 

aa 

aes ot 

me | F 

ae 

S 

FS 

en, 

pee: 

High-level input voltage Sat 

VIL Low-level input voltage eMac 
lOL Low-level output current 16 a 


TA Operating free-air temperature range ~§5 125 6) 70 


2.4 3.1 


IoOH = MAX 


Voc = MIN, lo = 16 mA ens ss eee 
EM ig Se ewe ces See. 


Vo = 0.5 V 


switching characteristics over recommended ranges of TA and VCC (unless otherwise noted) 29 
ie 
TEST ___JORN es 
PARAMETER ; ; UNIT SEED 
CONDITIONS MIN TYP MAX MIN TYP MAX j 
taA Access time from address Cy = 30 pF 45 715 45 70 Ee x 
ta(S) Access time from chip select (enable time) See Note 3 20 40 202-865 | ns. || : 
C. = 5 pF SS 
: Disable ti 15 35 15 30 i 
See Note 3 ao ee a 
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. | é 
All typical values are at Vcc = 5 V, Ta = 25°C. * 
8Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 2 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. : 
i 
Se 
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TBP28LA22 
2048 BITS (256 WORDS BY 8 BITS) 
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS 


logic symbol pin assignment 
TBP28LA22 TBP28LA22 
sone Se eo J OR N PACKAGE 
(TOP VIEW) 


recommended operating conditions 


PARAMETER 


Vcc Supply voltage 


ViH High-level input voltage 
VIL Low-level input voltage 
VOH High-level output voltage 
IOL Low-level output current 


Operating free-air temperature range 


TA 


| TORN 
sats PARAMETER TEST CONDITIONST ; ; UNIT 
MIN TYP MAX MIN TYP MAX 
"U0 
P Voc = MIN, y= 18 ma 
Youstav | OE] OB 
fo) Se adie 
= RELAPSE I Ae eR KS 
r Ve = MIN, lor = 16 mA ee re Oe 
ey |. vec SAR Se BY Re eo 
SS (SE ES OSORIO PEE 
Vee = MAX = OB 
Voc = MAX 75100 75100 |_mA_ 


TEST JOR N 
PARAMETER ; ; UNIT 
CONDITIONS MIN TYP* MAX | MIN TYP* MAX 
CL = 30 pF 
Ri1 = 3009 20 40 2 
5 


Ri2 = 6002 
Se 


See Note 3 
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
* All typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 


t Access time from address 


m 
> 


ta(S Access time from chip select (enable time) 


Propagation delay time low-to-high-level 


t 
PLA output from chip select 
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TBP28L42 
4096 BITS (512 WORDS BY 8 BITS) 
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS 


logic symbol pin assignment 
TBP28L42 TBP28L42 
PROM 512 X 8 J OR N PACKAGE 
(TOP VIEW) 


PARAMETER 


Supply voltage 
ViH High-level input voltage 
VIL Low-level input voltage 
IOH High-level output current 
IOL Low-level output current 


Operating free-air temperature range 


TEST CONDITIONSt 


MIN TYP$ MAX ” 
Veg = MIN, = 18 mA | = 
Vcc = MIN, loH = MAX 24°53 oO 
Vec= MIN, lo. = 8mA Panu, Ok, a 
Voc = MAX, Vo = 2.4V a Of. 
Voc = MAX, Vo = 0.5V ee en 
Veo = MAX, Vi = 5.5 V oe ee Gade <5 
Voc = MAX, Vv; = 0.5 V 
Vec = MAX [=10—- 100 [-10 ——100 | ma 
Ke ee eM ee ee 


TEST ba OR 
PARAMETER rs we Bla. UNIT 

CONDITIONS MIN TYP? MAX | MIN TYP+ MAX 

ta(A) Access time from address Ci = 30 pF Rereaee Sees 55 95 
ta(s) Access time from chip select (enable time) See Note 3 25 ie a ess 

CL = 5 pF 
tdi Disable time 2 4 

See Note 3 See ee 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 

All typical values are at Vcc = 5 V, Ta = 25°C. 

8Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TBP28L46——i‘(t : 
4096 BITS (512 WORDS BY 8 BITS) 
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS 


logic symbol. pin assignment 
TBP28L46 TBP28L46 


PROM 512 X 8 JW OR NW PACKAGE 
no 2! 0 (TOP VIEW) 
Al a0 
A2 a1 
A3 a2 
A4 Q3 
AS Q4 
AG Os 
A7 a6 
A8 ae 
G4 
G3 
G2 


G1 


recommended operating conditions 


JW OR NW 
fe cncpuaSaae MIN NOM MAX |- 


Vcc. Supply voltage 

ViH High-level input voltage 

VIL Low-level input voltage 

IOH High-level output current 

IOL Low-level output current 

TA Operating free-air temperature range 


Jw_OR NW 


TEST CONDITIONSt UNIT 
MIN TYP* MAX | MIN TYP* MAX 

TET 
io = MAX 243 


iol = 8 mA EPIL: 


Vo = 24V Se ee 
Vo = 0.5 Reeiaerenees 


Vi = 5.5 V 


ais 
> 


“0.25 
i es Ea a od 


Il 

Oo} 8 
oO] SN 
<j< 


Vj 


BE 
> 


= 
pA 
pA 
A 
A 
mA 
switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 
TEST JW OR NW BE 
CONDITIONS MIN TYP* MAX | MIN TYP* MAX 


ta(S) Access time from chip select (enable time) See Note 3 25 60 25 60 
5 


. CL = 5 pF 
tdi Disable time 25 50 2 40 
dis See Note 3 eee eee 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 

All typical values are at Vcc = 5 V, Ta = 25°C. 

8Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 


PARAMETER 


ns 


4-30 TEXAS 4% 


INSTRUMENTS 


POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265 


88 


TBP28L86A 
8192 BITS (1024 WORDS BY 8 BITS) 
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS 


logic symbol pin assignment 
TBP28L86A TBP28L86A 
PROM 1024 X 8 JW OR NW PACKAGE 
(TOP VIEW) 


recommended operating conditions 


Vcc Supply voltage 4.5 5 5.5 | 4.75 5 5.25 


VIH High-level input voltage 

VIL Low-level input voltage 

IOH High-level output current 

IOL Low-level output current 

TA Operating free-air temperature range 


MIN TYP* MA MIN TYP* MAX 
[vik | c= MIN, = 18 mA =1.2 
Vcc = MIN, lon = MAX eee SS 


PARAMETER TEST CONDITIONST trie daw UNIT 
ViK 


VoL Voc = MIN, lo, = 8 mA PERSE ie BER 
Voce = MAX Vo = 24 GAMERS 215 ESCRRSMARS 
Voc = MAX, Vo = 0.5 ORNESS. sale 2 
ec ee Sev ee 


Voc = MAX, Vi 


Nie Vcc = MAX, Vi 


i} 

o| © 
oy; N 
<j < 


< 
2) 
ro) 
i 
s|= 
P| > 
x<| X< 


Vcc = 


PARAMETER 
CONDITIONS 


tal(A Access time from address Ci = 30 pF 
ta(S Access time from chip select (enable time) See Note 3 
Cy = 5 pF 


tei: Disable time 
dis See Note 3 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 

+All typical values are at Vcc = 5 V, Ta = 25°C. 

§8Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TRP28L166 
16,384 BITS (2084 WORDS BY 8 BITS) 
LOW-POWER PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS 


logic symbol pin assignment 
TBP28L166 TBP28L166 
PROM 2048 X 8 NW PACKAGE 
AO (TOP VIEW) 
Al A7 
A2 A6 Lj2 
A3 A5 L]3 
li A4 [4 
AS A3 
AG as 
A7 re 
A8 ee 
Ag Gn 
A10 na 
tes Q2 


G2 


a GND 
G1 


recommended operating conditions 


Vec___ Supply voltage V 

ViIH High-level input voltage 
VIL Low-level input voltage Ae aa 
IOH High-level output current Ree SS eS 
lOL Low-level output current Biase! Se 
Ta Operating free-air temperature range 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER ‘TEST CONDITIONS Shien Base UNIT 


MIN TYP MAX 


Veo = 4.75. igt = 8 mA poo oe Oe 
SE Sa ES i OF | Es AIRE ad SRE OE See 2 
PS SRR RS eR a SR a oa OS ES 
See Veo = 528. Mee S be ee aes 2 
ee 
bi eae eed 
Rata e 


WH Vcc = 5.25, Vi = 2.7 V pA 


ae Vee = 8.25, = OV 
Vcc = 5.25 
Vec = 5.25 


TEST IGisrSes | seemed 
PARAMETER 
CONDITIONS MIN TYPT MAX 


ta(A) Access time from address Cy = 30 pF 80 125 
ta(S) Access time from chip select (enable time) See Note 3 


@) 
t Disable time sr a) 30 6 
; i 
dis See Note 3 


TAIl typical values are at Vcc = 5 V, Ta = 25°C. 
+Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SERIES 24 AND 28 
PROGRAMMABLE READ-ONLY MEMORIES 


recommended operating conditions for programming (see Figure 1) 


eS ee ys aac a ole oe ut aa vee pent NONE: ARN Sg UNE 
Steady-state supply voltage 4.75 5 5.25 
ca ee See eee 
Input voltage V 
VIL cee Aa ee | 


Voltage at all outputs except the one to be programmed 


Supply voltage level to program a bit a or 5.75 6 6.25 Po aa 
Select or enable level to program a bit 9.75 10 11 Bera 


Output level during interval ts tons 15.75 16 16.25 


Vv 

V 

V 

V 

Supply voltage during verification (see step 14) V 
at) 


iw 
“High [84 
[Time from Voc to settle and toverifyneedto program —SsSs=~<“~*~‘idCSSSSC*dTSCSSSCSO 
[Time from Voc = 6 V until chip select(enable)isari0V__——S~d(SC*i~dtCSC‘SSC*SSC«* 
[Time from chip select (enable) high to start of programramp ——SS«d 
[Duration of output program pulse SSSOSCS~S~S 
[Time from end of program pulse to chip select(enable)iow _——Ss«dt tg Si 
[Time from chip select(enabie)Vec=OV.SSCS™C~“—S*si 
[Time for cooling betweenbits——SSSCSC~C—~“~*~*~*S*~*~—*~“‘~*~*~*~*~é‘“SSSSC*dSCSC* COO |_| 
eS oe 
Pipe oes 


Time for cooling between words 
Free-air temperature 


step-by-step programming instruction (see Figure 1) 
1, Address the word to be programmed, apply 5 volts to Vcc and active levels to all chip select (S and S) or chip 
enable (E and E) inputs. 


. Verify the status of a bit location by checking the output level. 


. Decreass Vcc to O volts. 

. For bit locations that do not require programming, skip steps 5 through 11. = 
. Increase Vcc to VCC(pr) with a minimum current capability of 250 milliamperes. oO 
. Apply Vs(pr) to all the S,EorG inputs. lj = 25 milliamperes. Active-high enables may be left high. os 


. Connect all outputs, except the one to be programmed, to Vj;_. Only one bit is to be programmed at a time. 


ony oOo OO FSF WD ND 


. Apply the output programming pulse for 20 microseconds. Minimum current capability of the programming 
supply should be 250 milliamperes. 


9. After terminating the output pulse, disconnect all outputs from Vi, conditions. 
10. Reduce the voltage at S, E, or G inputs to Vil. 
11. Decrease Vcc to O volts. 
12. Return to step 4 until all outputs in the word have been programmed. 
13. Repeat steps 2 through 11 for each word in memory. 


14. Verify programming of every word after all words have been programmed using Vcc values of 4.5 and 5.5 volts. 
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5 ——— VIH 
ADDRESS NEW WORD WORD 
soit | WORD ADDRESS VALID ;-ADDRESS 
ras 


we tree ae = —— 
_ Ser ov . 


pate at jovlcitg tial 


SE ee ee LU start NEXT BIT , 
Se Senna poiereibe Wy ae ek RSET EN 


jo—— tq ——e bette 
| | | 
| 


| 
! VO(pr) FJ 


OUTPUT 
BEING 
PROGRAMMED pete ts 
| ee VO. 
Seaiaadh y* 


NOTE 4: Rise and fall times should be < 1 us. 


FIGURE 1. TIMING DIAGRAM AND VOLTAGE 
WAVEFORMS FOR PROGRAMMING SEQUENCE 
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TBP34R16 


16, 384-BIT (4096 WORDS BY 4 BITS) REGISTERED 
PROGRAMMABLE READ-ONLY MEMORY 


D2863, NOVEMBER 1984 


@ Fastest Schottky PROM Family TBP34R165 ... JT OR NT PACKAGE 


. : (TOP VIEW) 
@ High-Speed Access Times 


@ Allows Storage of Output Data 


description 


The TBP34R16 is a series-3 monolithic TTL 
programmable read-only memory (PROM) 
featuring high-speed access times and 
dependable titanium-tungsten fuse link program 
elements. It is organized as 4096 words by 
4 bits, providing 16,384 bits. 


TBP34R16X .. . FN OR FK PACKAGE 
The output register receives data from the PROM (TOP VIEW) 

array on the rising edge of RCLK. Data is 
programmed at any bit location with the 
standard series 3 programming algorithm. The 
program elements store a low logic level before 
any programming, and are permanently set to a 
high logic level after programming. After 
execution of the programming procedure, the 
output for that bit location cannot be reversed. 
The series 3 programming procedure should be 
referred to for further details. Additional circuits 
have been designed into these devices to 
improve. testability and ensure’ high 
programmability. 


logic symbol logic diagram (positive logic) 


red (16) > Hie 


(15) 


[REGISTERED PROM] 
re (16) 


RCLK 


PROM 4096 X 4 PROM 4096 x 4 


(14) Oo Ato 
AO 0 A (8) 
At Al 
(7) 
A2 A2 
(6) 
A3 Q1 A3 
A4 A4 (5) 
A5 AS (4) 
A6 AG (3) 
Q2 
A7 (2) 
A8 A7 
(1) 
AQ A8 
19 
A10 Q3 Ag = 
A111 A10 (18) 
17 
All ez 
; PRODUCT PREVIEW : - Copyright © 1985, Texas Instruments Incorporated 
This document contains information ‘| 
on a product under development. TEXAS 
Texas Instruments ,reserves the right 4-35 
to change or discontinue this product IN STRUMENTS 
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TBP34R16 
16,384-BIT (4096 WORDS BY 4 BITS) REGISTERED 
PROGRAMMABLE READ-ONLY MEMORY 


TERMINAL FUNCTIONS 


TERMINALS FUNCTION 
AO — All Address inputs for data from PROM array 


lf G is low, QO thru Q11 are enabled. 
PROM array. 


Q0 — Q3 Register outputs under control of G 


recommended operating conditions for programming (see Figure 1) 


4-36 


ours 


Supply voltage during verification 
High-level input voltage 
Low-level input voltage 


Enable G voltage during verification 0.2 
5 

Supply voltage program pulse amplitude 12.5 

Vcc program pulse duration, 1st attempt 

Vcc program pulse duration, 2nd attempt 


tMeasured from 1.5 V on enable pin to 5.5 V on VCC(pr): 
+Measured from 5.5 V on VCCi(pr) to 1.5 V on enable pin. 


step-by-step programming instructions (see Figure 1) 


2 
. Verify the selected bit location that requires programming. Note: The only bit positions that require 


Address the word to be programmed, apply 5 V to Vcc and a low logic level to the G input. 


programming are outputs to be at a high logic level. 


. For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for the 


next word. 


. Deselect PROM by applying 5 V to G. 
. Connect a 4-mA current source (clamped to VCC) to the output to be programmed. 
. Increase VCC to VCC(pr) for a pulse duration equal to twx (where X is determined by the number of 


programming attempts, i.e., 1, 2, 3). Minimum current capability for the VCC power supply should be 
400 mA. 


. Verify that the output has been programmed to a high logic level. If the output has been programmed 


correctly, go to the next bit. If not, repeat steps 2 through 7 and increment X (where X equals 1 on 
the first programming attempt). If the output has not been programmed by the third attempt, stop 
programming and go to a new device. 


. Verify programming of every word after all words have been programmed using Vcc values of 4.5 volts 


and 5.5 volts. 
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TBP34R16 
16,384-BIT (4096 WORDS BY 4 BITS) REGISTERED — 
PROGRAMMABLE READ-ONLY MEMORY = 


series 3 programming sequence 2 
‘ » 


AO TO All , VALID ADDRESS 


je tw1 je->}- tw1 oor tw k+—F+- tw3 
Y. 4 


= 
— 


PROGRAM o2—___»| 4 re 


PROGRAM Q3 


Lo . 


PROGRAM Q1 
VERIFY 


Illustrated above is the following sequence: 


1) It is desired to program the selected address with 0111(Q0-Q3). Outputs Q1, Q2, and Q3 need programming. = 

2) Q1 is verified to be at a low logic level and then the programming sequence is executed. The output is then verified to be at Eni et 
a high logic level. ae Ee 

3) Q3 is an example of an output requiring three attempts to be programmed successfully. [8 om 

4) Q3 is programmed to a high logic level. oa pak 


FIGURE 1. SERIES 3 PROGRMMING SEQUENCE 7 

Z 

=f 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) > 
BUDE A AERO. 0 Pe HE OT SED ys 42 Sk ote ees ood won bk ee Se Re a Ee Maa aS 7V ; 
EMSS ESS (eo) a apart tones ANI ese se 5 aL ARTIS cA UU yo Te PR Rr Ls RIN oe ee eC yA 5.5 V ie 

Oi -state ott ut Valais V Ointtl oic io 850 gis Nees ot a ee ee ney 5.5 V ee 
Operating free-air temperature range: Military-temperature-range circuits ....... ~- 55°C to 425°C = 
Commercial-temperature-range circuits........ 0°C -to. 70°C as 

Since tonpormtire Tangs 2 ss sos 2a a ee ROL SA a eae ee OE eee. —65°C to 150°C : ie 


NOTE 1: All voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming. ‘ 
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16,384-BIT (4096 WORDS BY 4 BITS) REGISTERED 
PROGRAMMABLE READ-ONLY MEMORY 


recommended operating conditions 


MILITARY COMMERCIAL 
PARAMETER UNIT 
win NOM MAX MIN NOM MAX 


Vcc Supply voltage 4.5 5: 5.54- 4.6 5 1.6.5 
2 


5 4 
6 
5 


lot Low level output current 
teu Setup time, address before RCLK Gi pe ee | 
th Hold time, address after ACLK SRS Rei ETS 


TA Operating free-air temperature range —55 12 @) 70 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER TEST CONDITIONSt 


Vec = MIN, lon = MAX 
Vcc = MIN, lo, = 16 mA 
Vec = MAX, Vo = 2.4V 
Vcc = MAX, Vo = 0.5 V 
feo CAE) £5 + Sealy Vcc = MAX, Vj = 5.5 V 
Vec = MAX, Vj = 2.7 V 
Vee = MAX, Vj = 0.5V 

Poh fo Mooe MeX Vo azv | 


FROM TO TEST CONDITION 
PARAMETER 
(INPUT) (OUTPUT) (See Note 2) 
00 — 03 CL = 30 pF 
TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
All typical values are at Vcc = 5 V, Ta = 25°C. 


8The output conditions have been chosen to produce a current that closely aproximates one half of the true short-circuit output current, Ios. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The T7L Data Book, Volume 4, 1985. 
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TBP34S1, TBP34L1, TBP34SA1 
1024-BIT (256 WORDS BY 4 BITS) 
PROGRAMMABLE READ-ONLY MEMORIES 


JANUARY 1985 


Fastest Schottky PROM Family TBP34S10, TBP34L10, TBP34SA10 
N OR J PACKAGE 
(TOP VIEW) 


High-Speed Access Times 


Low-Power, 3-State, and Open-Collector 
Options Available 


@ Titanium-Tungsten (Ti-W) Fuse Links for 
Reliable Low-Voltage Programming 


@® Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 
Address Mapping/Look-Up Tables 


TBP34S1X, TBP34L1X, TBP34SA1X 


description FN OR FK PACKAGE 
(TOP VIEW) 
These Series-3 monolithic TTL programmable us 
read-only memories (PROMs) feature high-speed moo On 
access times and dependable titanium-tungsten 
fuse link program elements. They are organized 3 2 1 2019 


as 256 words by 4 bits each, providing a total A4{]4 18 [| G2 . 
of 1024 bits. The ‘34S1 has three-state outputs. A3[]}5 17(] G1 ; 
The ‘34SA1 is the open-collector version and AO {]6 16 [| QO 
allows the device to be connected directly to Ai {]7 15({] NC 
data buses utilizing passive pull-up resistors. The A2 {|8 14[}| Q1 


low-power ‘34L1 is available for applications 9 10 111213 
that require power conservation while 
maintaining bipolar speeds. It also has three- Ze2eOoo 
state outputs. bs 

Data is programmed at any bit location with the NC—No internat scidiss soba 


standard Series 3 programming algorithm. The 

program elements store a logic level low before 

any programming, and are permanently set to a 

logic level high after programming. After 

execution of the programming procedure, the 

output for that bit location cannot be reversed. The Series 3 programming procedure should be referred 
to for further details. Additional circuitry has been designed into these devices to improve testability and 
insure high programmability. 
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TBP34S1, TBP34L1, TBP34SA1 
1024-BIT (256 WORDS BY 4 BITS) 
PROGRAMMABLE READ-ONLY MEMORIES 


logic symbol 
TBP34S1, TBP34L1 TBP34SA1 


PROM 256 X 4 


PROM 256 X 4 


0 AO 
Al 
Qo A2 
Q1 A3 
Q2 A4 
Q3 A5 
AG 
A7 
G2 
G1 


AO 
Al 
A2 
A3 
A4 
A5 
AG 
A7 
G2 
G1 


Pin numbers shown are for J or N packages. 
schematics of inputs and outputs 


EQUIVALENT OF INPUTS TYPICAL OF ALL TYPICAL OF ALL THREE-STATE OUTPUTS 


OPEN-COLLECTOR OUTPUTS 
Vec Vcc 


OUTPUT 
b OUTPUT 


- 
a 
‘e) 
= 
on 


PROGRAMMING CIRCUIT 
NOT SHOWN PROGRAMMING CIRCUIT NOT SHOWN 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Spore vonage. (see Mote 1y.% + espe rs Sk oe ee oles ones ee ee 7V 
ONE Pre EIR Te he Sc So Ey he Ee EE VLE BEE e ey th NES Ree Be orate etal on 
err otreee CITE APOUTNG fa ad ee ee OE Oe ee ee le ee ek 5.547 
Operating free-air temperature range: Military-temperature-range circuits ....... —§5°C to 125°C 

Commercial-temperature-range circuits........ O'G to 70°C 
WINteOe TEMNGLOMNG-TANGS . 5 oc a oe sO alae eee aed her, este ee aes —-65°C to 150°C 


NOTE 1: Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming. 
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TBP34S1, TBP34L1, TBP34SA1 
1024-BIT (256 WORDS BY 4 BITS) 
PROGRAMMABLE READ-ONLY MEMORIES 


recommended operating conditions for programming (see Figure 1) 


Input voltage V 
RE 

Vcc program pulse duration i 
20 22 25 


3rd attempt tw3 


Enable set-up time* before VCC(pr) 04. 0.5 1 
Enable hold time? after VCCipr) OF 0.6 fou 
Rise time of Vecipr) tr(Vcc) O39" - O4. 


te(Vcc) 6.06 G3 


150 200] us 
30 


tMeasured from 1.5 V on enable pin to 5.5 V on VCCipr) 
+Measured from 5.5 V on VCC(pr) to 1.5 V on enable pin 
§Measured from 5 V to 12 V 
{Measured from 12 V to 5 V 


step-by-step programming instructions (see Figure 1) 
1. Address the word to be programmed, apply 5 volts to VCC and active levels to all enable inputs (G1, G2). 


2. Verify the selected bit location that requires programming. Note: The only bit positions that require 
programming are outputs needing a high logic level. 


For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word. 
Deselect PROM by applying 5 volts to G1 or G2. 


Connect a 4-mA current source (clamped to VCC) to the output that is to be programmed. 


bt i sano 


Increase VCC to VCC(pr) for a pulse duration equal to twxX (where X is determined by the number 
of programming attempts, i.e., 1,2,3). Minimum current capability for the VCC power supply should 
be 400 mA. 


7. Verify that the output has been programmed to a high logic level. If the output has been programmed 
correctly, go to the next bit. If not, repeat step 2- through step 7 and increment X (where X is equal 
to 1 on the first programming attempt). If the output has not been programmed by the third attempt, 
stop programming and go to a new device. 


8. Verify programming of every word after all words have been programmed using Vcc values of 4.5 volts 
and 5.5 volts. 
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_ TBP34S1, TBP34L1, TBP34SA1 
1024-BIT (256 WORDS BY 4 BITS) 
PROGRAMMABLE READ-ONLY MEMORIES 


AO TO A7 VALID ADDRESS 


| 
>| then) 


ts(en) > es 
| 


PROGRAM Q1 


VERIFY 


Illustrated above is the following sequence: 
1) It is desired to program the selected address with 0111 (QO-Q3). Only outputs Q1, Q2 and Q3 need programming. 
2) Q1 is verified to be at a low logic level and then the programming sequence is executed. The output is then verified to be at a high 


logic level. 
3) Q2 is an example of an output requiring three attempts to be programmed successfully. 


4) Q3 is programmed to a high logic level. 


FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE 
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TBP34S1 
F 1024-BIT (256 WORDS BY 4 BITS) 
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS 


recommended operating conditions 
MILITARY COMMERCIAL 
UNIT 


PARAMETER 
MIN NOM MAX | MIN NOM MAX 


Vcc Supply voltage 4.5 5° 8.5 .] 4.5 5 5.5 
2 


lot Low-level output current 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


MILITARY COMMERCIAL 
TEST CONDITIONSt UNIT 
MAX | MIN TYP? MAX 
v 


tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios. 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


ta(A) ta(S) - 
ACCESS TIME ACCESS TIME 


DISABLE TIME 
FROM ADDRESS FROM ENABLE 


MIN TYPt MAX | MIN TYPt MAX | MIN TYPT MAX 
5 


TEST 
CONDITIONS 


Military 
TBP34S1-20 ; 
CL = 30 of 


Be Grete eae OC 
pa ee 8 nh ee 

TBP34S1 - 

Soe pom 


All typical values are at Vcc = 5 V, Ta = 25°C. 


NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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TBP34L1 bax: 
1024-BIT (256 WORDS BY 4 BITS) 
LOW-POWER PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS 


va 
a recommended operating conditions 
os MILITARY COMMERCIAL 
Fuh PARAMETER ' UNIT 
= MIN NOM_MAX | MIN NOM_MAX_ 
oa Sf VGC Supply voltage : : 5 55 


VIH High-level input voltage 
VIL Low-level input voltage 
IOH High-level output current 
IOL Low-level output current 


= is electrical characteristics over recommended operating free-air temperature range (unless otherwise 
ess: noted) 


TEST CONDITIONS MILITARY COMMERCIAL 
MIN TYP MAX | MIN TYP? MAX 


ioe = MIN, | = —18 mA 
SSF ; “ = MIN, IOH = -1.6mA 
2 = MIN, lol = 8mA 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los. 


switching characteristics over recommended ranges of TA and VCC (unless otherwise noted) 


PARAMETER TEST MILITARY COMMERCIAL aie 
CONDITIONS 


MIN TYP+ MAX | MIN TYP# MAX 
ta(A) Access time from address 25 25 


ta(S) Access time from chip select (enable time) 


Ci = 30 pF 
See Note 2 


tdis Disable time 


5 +All typical values are at Vcc = 5 V, Ta = 25°C. 
be NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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TBP34SA1 
: ; 1024-BIT (256 WORDS BY 4 BITS) 
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH OPEN-COLLECTOR OUTPUTS 


recommended operating conditions 


MILITARY COMMERCIAL 
ee Sat nom PN NG | UN 


Vcc Supply voltage 4.5 5 So 
ViH High-level input voltage 
VIL Low-level input voltage 3 ee oo ee = Oem 
VOH High-level output voltage Pees) Sees 
lOL Low-level output current Pa Soe a ERG ee acs Ne rete 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


TEST CONDITIONSt MILITARY COMMERCIAL 
MIN TYP* MAX | MIN TYP? MAX 
Pa ewe eee Y 


: 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


TEST MILITARY COMMERCIAL 
PARAMETER 
CONDITIONS MIN TYP* MAX | MIN TYP? MAX 


Propagation delay time, low-to-high-level See Note 2 


output from. chip select 


RRS IR SRE La a 
taiS) Access time from chip select (enable time) CL = 30 pF Ge Soe => 

Paes Goad c 
Oo. 


+All typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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~ TBP34S16, TRP3SL16, apaasats : 
16,384-BIT (4096 WORDS BY 4 BITS) — 
PROGRAMMABLE READ-ONLY MEMORIES | 


AUGUST 1984—REVISED DECEMBER 1984 


Fastest Schottky PROM Family TBP34S162, TBP34L162, TBP34SA162 
N OR J PACKAGE 


(TOP VIEW) 


High-Speed Access Times 


Low-Power, 3-State, and Open-Collector 
Options Available 


@ Titanium-Tungsten (Ti-W) Fuse Links for 
Reliable Low-Voltage Programming 


@ Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 
Address Mapping/Look-Up Tables 


description 
TBP34S16X, TBP34L16X, TBP34SA16X 
These Series-3 monolithic TTL programmable FN OR FK PACKAGE 
read-only memories (PROMs) feature high-speed (TOP VIEW) 
access times and dependable titanium-tungsten O 
fuse link program elements. They are organized oe Be 
as 4096 words by 4 bits each, providing a total Sire 
of 16,384 bits. The ’34S16 has three-state Rats 
outputs. The ‘34SA16 is the open-collector A5 [J 4 18 A10 
version and allows the device to be connected A4U5 17 A11 
directly to data buses utilizing passive pull-up A3 J 6 16 L G1 
resistors. The low-power ‘34L16 is available for A2{J7 15[] G2 
applications that require power conservation Ais 14 [| QO ce 
while maintaining bipolar speeds. It also has ee : 
three-state outputs. 2 : % x 
Data is programmed at any bit location with the Oo 


standard Series 3 programming algorithm. The 
program elements store a logic level low before 
any programming, and are permanently set to a 
logic level high after programming. After 
execution of the programming procedure, the 
output for that bit location cannot be reversed. The Series 3 programming procedure should be referred 
to for further details. Additional circuitry has been designed into these devices to improve testability and 
insure high programmability. 


NC—No internal connection 
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TBP34S16, TBP34L16, TBP34S 


A16 


16,384-BIT (4096 WORDS BY 4 BITS) 
PROGRAMMABLE READ-ONLY MEMORIES 


logic symbols 


TBP34S16, TBP34L16 


PROM 4096 X 4 
0 


Pin numbers shown are for J or N packages. 


schematics of inputs and outputs 


EQUIVALENT OF INPUTS 


(14) oo 


Q2 
Q3 


TYPICAL OF ALL 
OPEN-COLLECTOR OUTPUTS 


TBP34SA16 


PROM 4096 X 4 


AQ 
AQ 
AQ 
AG 


TYPICAL OF ALL THREE-STATE OUTPUTS 


Vcc Vcc 
OUTPUT 
m° 
rs) 
” OUTPUT 
PROGRAMMING CIRCUIT 
NOT SHOWN PROGRAMMING CIRCUIT NOT SHOWN 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Seeder CHEE EEN AOS HCE OES 3. ak ye Bae ns Mca! et ee eats So ere he neaoe at by Se agree dee beene aay oes rs * 3 
STAT SOMO a Fee ad ol Bea ad sh RRS TE hie’ ¢ <8 Ee SU NE Soe es Ce ated On eae 5.5 V 
Cueenoee Gimiit GoM obo 8 io ee ee ge eS Cee er ee ie aly re ale San er tee ca 5.5 V 
Operating free-air temperature range: Military-temperature-range circuits ....... — 55°C to 125°C 
Commercial-temperature-range circuits........ O° to. 70°C 
Seoraae temmbermiue Tange’... et SRA 7 Oe Ce ee Bone db ub oe en a ped —65°C to 150°C 
NOTE 1: Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming. 
U 
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recommended operating conditions for programming (see Figure 1) 


2nd attempt 


Enable hold time? after VceCipr) 
Rise time of Vecipr)> 


tMeasured from 1.5 V on enable pin to 5.5 V on VCCipr) 
+Measured from 5.5 V on VCC(pr) to 1.5 V on enable pin 
SMeasured from 5 V to 12 V 
{Measured from 12 V to 5 V 


step-by-step programming instructions (see Figure 1) 


Se ee 


Address the word to be programmed, apply 5 volts to VC¢ and active levels to all enable inputs (G1, G2). 


Verify the selected bit location that requires programming. Note: The only bit positions that require 
programming are outputs needing a high logic level. 


For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word. 


Deselect PROM by applying 5 volts to G1 or G2. 


Connect a 4-mA current source (clamped to VCC) to the output that is to be programmed. 


Increase VCC to VCC(pr) for a pulse duration equal to twx (where X is determined by the number 
of programming attempts, i.e., 1,2,3). Minimum current capability for the VCC power supply should 
be 400 mA. 


Verify that the output has been programmed to a high logic level. If the output has been programmed 
correctly, go to the next bit. If not, repeat step 2 through step 7 and increment X (where X is equal 
to 1 on the first programming attempt). If the output has not been programmed by the third attempt, 
stop programming and go to a new device. 


' 


Verify programming of every word after all words have been programmed using V¢c¢ values of 4.5 volts 
and 5.5 volts. 
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TBP34S16, TBP34L16, TBP34SA16_ 
16,384-BIT (4096 WORDS BY 4 BITS) 
PROGRAMMABLE READ-ONLY MEMORIES 
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TBP34S16, TBP34L16, TBP34SA16 
16,384-BIT (4096 WORDS BY 4 BITS) 
PROGRAMMABLE READ-ONLY MEMORIES 


AO TO A11 VALID ADDRESS 


| -tw1 tw \}¢#— + tw2 ¢—?+ tw3 \e—-tw1 
| | 1 | | | poi pee 125V 
Vcc t+ >+ tcool 
: 5V 
Pi *th(en) 


PROGRAM eae 
PROGRAM Q3 


PROGRAM Q1 
VERIFY 


llustrated above is the following sequence: 


1) It is desired to program the selected address with 0111 (QO-Q3). Only outputs Q1, Q2 and Q3 need programming. 

2) Q1 is verified to be at a low logic level and then the programming sequence is executed. The output is then verified to be at a high 
logic level. 

3) Q2 is an example of an output requiring three attempts to be programmed successfully. 

4) Q3 is programmed to a high logic level. 


FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE 
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xs 


hl ie ees or =4 


ise 
| | 16,384-BIT (4096 WORDS BIT 
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS 


rie 


recommended operating conditions 


MILITARY | COMMERCIAL 
one ee PMN NOM MAX | 


Vcc Supply voltage 4.5 5 5.5 
VIH High-level input voltage 2 

VIL Low-level input voltage 

|OH : 

A 


High-level output current 
IOL Low-level output current Brite ser eae Ue 
+ Operating free-air temperature range -§5 125 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER TEST CONDITIONST os 
fas 
ViK ; 


Vie = IN = TB 


Vec = MIN, lol = 16 mA 
Vcc = MAX, Vo = 2.4V 


tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los. 


switching characteristics over recommended ranges of TA and V¢c (unless otherwise noted) 


ta(A) ta(S) 


tdis 
TEST ACCESS TIME A TIM 
TYPE Geese : DISABLE TIME 
CONDITIONS FROM ADDRESS FROM ENABLE 


a meee t | 
asl 1S eee 


18 
ili See Note 2 20 
ca ee Note 


+All typical values are at Vcc = 5 V, Ta = 25°. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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TBP34L16 
16,384-BIT (4096 WORDS BY 4 BITS) 
LOW-POWER PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS 


recommended operating conditions 
MILITARY COMMERCIAL 


Vi____Low-Tevel input voltage smpneaaene «SECRETE TS aE 
loH High-level output current 
Man. One onedenet eg Om 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER TEST CONDITIONST |__MILITARY__|_ COMMERCIAL _ UNIT 
MIN TYP* MAX | MIN TYP? MAX 
ViK NOC MN, SP ope I MA eo RES o 


ow Voc = MIN, = ~18 mA 
Vec = MIN, lo = -1.6mA 
sa ee WN a ep eel te 
Voc = MAX, Vo = 2.4V Br ee ea we 
Voc = MAX, Vo = 0.8V fe a ee | 
a Voc = MAK j= 85V PRG Sue oBdA 
Voc = MAX, Wi = 2.7 

rn Veo = MAK WE OSV 
ee ee a ee 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
8The output conditions have been chosen to produce a Current that closely approximates one half of the true short-circuit output current, Ios. 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


TEST MILITARY COMMERCIAL 
PARAMETER UNIT 
CONDITIONS MIN TYP* MAX| MIN TYP? MAX 
ta(A) Access time from address 


RE ae Or Po ane ee 
ta(s) Access time from chip select (enable time) Ci = 30 pF PRE ree RS OS ee 
’ See Note 2 
tdis Disable time 20 20 ns 


+All typical values are at Vcc = 5V, Ta = 25°. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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TBP34SA16 
16,384-BIT (4096 WORDS BY 4 BITS) 
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH OPEN-COLLECTOR OUTPUTS 


recommended operating conditions 


COMMERCIAL 
geste patios niles 


2 2 


VIH High-level input voltage pe EOS Re See 
VIL Low-level input voltage pene SS eee 
VOH High-level output voltage eS: Ss NS 3S 
IOL Low-level output current Paes eee Se Sera 


TA Operating free-air temperature range - 55 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


MILITARY COMMERCIAL 
TEST CONDITIONST ; UNIT 
MIN TYP? MA MIN TYP? MAX 


: Vv 


pw 
-0.25 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


PARAMETER TEST MILITARY COMMERCIAL UNIT 
CONDITIONS 


Access time from chip select (enable time) Ci = 30 pF 


Propagation delay time, low-to-high-level See Note 2 


output from chip select 


All typical values are at Vcc = 5 V, Ta = 25°. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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TBP34SR16 
16,384-BIT (4096 WORDS BY 4 BITS) 
SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY 


D2863, JANUARY 1985 


@ Fastest Schottky PROM Family TBP34SR165 .. . JT OR NT PACKAGE 
(TOP VIEW) 
@ High-Speed Access Times 
@ Allows Storage of Output Data az = Mil Vce 
Pp A6 Lj2 23L] A8 
® Applications Include: A5 Lj3 221} AQ 
Microprogram Control Store with A4[]4 211} A10 
Built-In System Diagnostic Testing A3L]5 —- 201 J A111 
Serial Character Generator A2(je i91)G 
Parallel In/Serial Out Memory A1(}7 181} DOO 
AO [Js 17, } DQ1 
description MODE [] 16| | DQ2 
} Ie: SRCLKL}1i0 =: 15, ] DQ3 
The TBP34SR16 is a series-3 monolithic TTL spit 1a] spo 
programmable read-only memory (PROM) GNDT}12 ~—« 131] ORCLK 


featuring high-speed access times and 
dependable titanium-tungsten fuse link program 


elements. It is organized as 4096 words by TBP34SR16X .. . FN OR FK PACKAGE 
4 bits each, providing 16,384 bits. (TOP VIEW) 
The TBP34SR16 features a 4-bit shadow Pe ere 
register that allows diagnostic observation and Cte Se 
control without introducing intermediate illegal 58 97 9G 
states. It is loaded on the rising edge of SRCLK A4ts 25[] A10 
from either the output register or the serial data A316 24f] A11 
input (SDI). In addition, it can be loaded with A2n7 23[11G 
parallel data from the outputs. The output A1f|s 221] Dao 
register receives data from either the PROM Aol] 21[] NC 
array or the shadow register as determined by NC [10 20f] Da1 
the mode control input. The output register is MODE 1111 19[] Da2 
loaded on the rising edge of ORCLK. The mode- 31415161718 ” 
dependent function table should be referred to Tor aaa => 
for further details. = ee eS 
nee o (©) 
O G) 2 na oe 
During diagnostics, data loaded into the output D re) A. 
register from the PROM array can be parallel- 
loaded into the shadow register and serially NC —No internal connection 
shifted out through the SDO output. This allows 
observation of the system without introducing 
intermediate illegal states. Similarly, diagnostic 
data can be serially loaded into the shadow 
register and parallel-loaded into the output 
register. This allows control and test scanning 
to be imposed on the system. 
Data is programmed at any bit location with the standard series 3 programming algorithm. The program 
elements store a low logic level before any programming, and are permanently set to a high logic level 
after programming. After execution of the programming procedure, the output for that bit location cannot 
be reversed. The series 3 programming procedure should be referred to for further details. Additional circuits 
have been designed into these devices to improve testability and ensure high programmability. 
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16, yrs BIT (4096 WORDS BY 4 BITS) | a 
SHADOW. REGISTERED PROGRAMMABLE READ- ONLY MEMORY 


logic symbol 


[SHADOW-REGISTERED PROM] 


4-56 TEXAS ig 
: a INSTRUMENTS 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


TBP34SR16 
16,384-BIT (4096 WORDS BY 4 BITS) 
SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY 


logic diagram (positive logic) 


re (19) 


13 
ORCLK Lh 


SHADOW REGISTER 


OUTPUT 
REGISTER 


MODE 
SRCLK 


SDI 
(18) 


ee : 
cae Sue 17) 504 
acc 


= DQ2 
Fi (15) 


DQ3 


(14) 


Sa Be 


” 
= 
2) 
a 
a 


Pin numbers shown are for JT and NT packages. 
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*4° id | > f 16 ae Pr oa ~ a 4 : iM - “ < ® rs beak = - 
ae 9 = JAC “Rv A PiITea\ ; ; ; Oe ee ow Be! 
- 16,384-BIT (4096 WORDS BY 4 BITS) | 3 


_ SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY 


~ 


MODE-DEPENDENT TERMINAL FUNCTIONS 


! 


Low-to-high transition loads data into Low-to-high transition shifts data present 


shadow register under SDI control. on the SDI input into the shadow register. 


lf SDI is high, shadow register does nothing. If SDI is Serial input to shadow register LSB 
low, data may be clocked into shadow register from 
output bus. 


Output for data directly from SDI for cascading other Output for shadow register MSB 
shadow-registered PROMs 


+ae . *.* 


Low-to-high transition loads output register from Low-to-high transition loads output register 
shadow register. from PROM array. 


OTHER TERMINAL FUNCTIONS 


TERMINALS FUNCTION : 


AO — All Address inputs for data from PROM array 


a lf G is high, DQO thru DQ11 are in high-impedance state and can accept 


external data for shadow register. If G is low, DQO thru DQ11 are 
DQO—DQ3 Input/output ports under control of G 


outputs for data from output register. 


Supply voltage during verification 
High-level input voltage 
Low-level input voltage 


"Enable G voltage during verification 
Enable G inactive voltage during programming ; 5 
VCCipr) Supply voltage program pulse amplitude 12.5 
tw Vcc program pulse duration, 1st attempt 
tw2 _ Vcc program pulse duration, 2nd attempt 
tw3 Vcc program pulse duration, 3rd attempt 


ta) Setup time, enable G low before Vccipr)t 


a3 
0.05 
700 


__ TMeasured from 1.5 V on enable pin to 5.5 V on VCC(pr)- 
*Measured from 5.5 V on VCC(pr) to 1.5 V on enable pin. 


Pes x , , = 
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TBP34SR16 
16,384-BIT (4096 WORDS BY 4 BITS) — 
SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY 


step-by-step programming instructions (see Figure 1) 


— 


Address the word to be programmed, apply 5 V to Vcc and a low logic level to the G input. 

2. Verify the selected bit location that requires programming. Note: The only bit positions that require 
programming are outputs to be at a high logic level. 

3. For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for the 

next word. | 

Deselect PROM by applying 5 V to G. 

Connect a 4-mA current source (clamped to VCC) to the output to be programmed. 

Increase VCC to VCC(pr) for a pulse duration equal to twx (where X is determined by the number 

of programming attempts, i.e., 1, 2, 3). Minimum current capability for the VCC power supply should 

be 400 mA. 

7. Verify that the output has been programmed to a high logic level. If the output has been programmed 
correctly, go to the next bit. If not, repeat steps 2 through 7 and increment X (where X equals 1 on 
the first programming attempt). If the output has not been programmed by the third attempt, stop 
programming and go to a new device. 

8. Verify programming of every word after all words have been programmed using Vcc values of 4.5 volts 

and 5.5 volts. 


oe 


series 3 programming sequence 


AO TOAII x VALID ADDRESS X 
| 


ag Pt tw #—>}- twa jie We eo} tw1 
i} | | | 


| ro 
Vec : ta ta1 


PROGRAM ore 


PROGRAM Q3 


see 


PROGRAM Q1 
VERIFY 


Illustrated above is the following sequence: 


1) It is desired to program the selectd address with 0111 (QO-Q3). Only outputs DQ1, DQ2, and DQ3 need programming. 

2) Q1 is verified to be at a low logic level and then the programming sequence is executed. The output is then verified to be at 
a high logic level. 

3) DQ2 is an example of an output requiring three attempts to be programmed successfully. 

4) DQ3 is programmed to a high logic level. 


FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE 
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—_— ae a FS eee “a oa . he he = ¥ —+ - oa. =. =e rn "| a. aly 
- Fe Pe Cot ORES Cage A LOS, Me GE Ee ee Lec Ie, ’ : +36: STE. > Re Se Bese lessee Beis faves es SPO BRE « 
ss oe 5 See De Fe =: ‘ = LS he Sac ea ie oe + ae ae oe SER BE S © a ~ ss + i. Eek ; = aoa : poe Ease tes ee ae = 7 6 thi ; = eS Poe * — 
ple eet RES Ds ; : : es < 4 Da 2 are pss 5S ses Wes > : es bens ae 
= : : a 


TBP34SR16 | 


16,384-BIT (4096 WORDS BY 4 BITS) 
SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
supoy volteoe, Voc iser Note: ER ies co case ce ES eee oe Bie vitae pce ST) ate se Ya 
REreNb ER ALCO VB oe nek POT, Eee Ri ea re aye ey at SPRL On Be ee as py nas sca we Mate ee eee Od 555 V 
Crt-state. output -vaitade. V Ointisic. 5-6 it od a ad, 2 geet. s ae eee niet 5.5: V 
Operating free-air temperature range: Military-temperature-range circuits ....... —65 °C-to: 125°C 
Commercial-temperature-range circuits........ OSE. to. 70°C 
miorege temperature range... 5 Ga SSN. . OR Seed Pe Be aH hee. eee +65 °C 40: 150°C 


NOTE 1: All voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming. 


recommended operating conditions 


SRCLK low 


Pulse duration 
Peet gee ORCLK high 
ORCLK low 


DQ3 thru DQO before SRCLKT 

(G and MODE = H, SDI = L) 

SDI and MODE before SRCLKT 
a Sais Kiera Address before ORCLKT 

(MODE = L) 

SRCLKTt before ORCLKT 

(G and MODE = H, SDI = L) 

DQ3 — DQO after SRCLKT 

(G and MODE = H, SDI = L) 

SDI and MODE after SRCLKT 

Hold time or ORCLKT 
Address after ORCLKT 
(MODE = L) 


th 
TA Operating free-air temperature range — 55 


ip 
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TBP34SR1G 
16,384-BIT (4096 WORDS BY 4 BITS) 


SHADOW-REGISTERED PROGRAMMABLE READ-ONLY MEMORY Se 

. bon ; ' - ef 
electrical characteristics over recommended operating free-air temperature range (unless otherwise ee: 
noted) es Oe 
=i 

See ROR as 

UNIT < 

= MIN, loH = MAX 2.4 3.1 meee 

= MIN, lol = 16 mA ce. 


FROM TO TEST CONDITION 
PARAMETER 
eanaweren | gan ___|_covtnur_| “nena 2) [RRP RAE [TYP MA 
Ca tax SACK MODE =O 
Cl = 30 pF 
OES 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 

All typical values are at Vcc = 5 V, Ta = 25°C. 

8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985. 
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te gt ae eee 


Fastest Schottky PROM Family 
High-Speed Access Times 


Low-Power, Open-Collector, and 3-State 
Options Available 


Titanium-Tungsten (Ti-W) Fuse Links for 
Reliable Low-Voltage Programming 


P-N-P Inputs for Reduced Loading on 
System Buffers/Drivers 


Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 
Address Mapping/Look-Up Tables 


Package Options Include 16-Pin DIP, and 
20-Pin Chip-Carrier 


description 


These Series-3 monolithic TTL programmable 
read-only memories (PROMs) feature high-speed 
access times and dependable titanium-tungsten 
fuse link program elements. They are organized 
as 32 words by 8 bits each, providing a total of 
256 bits. The ‘38S030 has three-state outputs. 
The ‘38SA030 is the open-collector version and 
allows the device to be connected directly to 
data buses utilizing passive pull-up resistors. The 
low-power ‘38L030 is available for applications 
that require power conservation while 
maintaining bipolar speeds. 


pe omg 


A He bs pi ee 


TBP38S030, TBP38L030, TBP38SA030 
TBP38S03X, TBP38L03X, TBP38SA03X 


256-BIT (32 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES 


D2852, AUGUST 1984— REVISED DECEMBER 1984 


TBP38L030, TBP38S030, TBP38SA030 ... . J OR N PACKAGE 
(TOP VIEW) 


TBP38LO3X, TBP38S03X, TBP38SA03X . . . FN OR FK PACKAGE 


(TOP VIEW) 


we OO SO 
> i a | 
re pee yp eae p cw 
+ ee ee | 


18 |] A4 
17} A3 
16 |] NC 
15[] A2 
14] A 


9 10 111213 
Sse tee Saw i as i es 
Co ORO 
Cie 2S 
) 


NC —No internal connection 


Data is programmed at any bit location with the standard Series 3 programming algorithm. The program 
elements store a logic level low before any programming, and are permanently set to a logic level high 
after programming. After execution of the programming procedure, the output for that bit location cannot 
be reversed. The Series 3 programming procedure should be referred to for further details. Additional circuitry 
has been designed into these devices to improve testability and insure high programmability. 


PRODUCT PREVIEW 
This document contains information 
on a product under development. 
Texas Instruments reserves the right 
to change or discontinue this product 
without notice. 
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TBP38S030, TBP38L030, TBP38SA030 
TBP38S03X, TBP38L03X, TBP38SA03X 
256-BIT (32 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES 


logic symbols 


TBP38S030, TBP38L030 TBP38SA030 


PROM 32 X 8 PROM 32 X 8 


Pin numbers shown are for J and N packages. 


schematics of inputs and outputs 


EQUIVALENT OF INPUTS TYPICAL OF ALL TYPICAL OF ALL THREE-STATE OUTPUTS 


OPEN-COLLECTOR OUTPUTS 
“ Vcc 


OUTPUT 
‘ OUTPUT 


'U 
} 
= PROGRAMMING CIRCUIT 
77) NOT SHOWN PROGRAMMING CIRCUIT NOT SHOWN 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
DISMAY WOME Oe Wet PE ini ite ows tate eo rae Uae cae Pe a ees, a ME SUE pees te aa tg 7V 
SUMRA OE CAPONE Nhs ole St 8 oN x. oe ee ee ce Te 8 eA hp ap ay Rig eta get ah as Ua wie ob, wack Re eee abet aan wd B.0°V 
Co Cee cyte CMSECIUPCCNTSNMCII SS oe Rls 5: ayeby SE eae BEE oxea ato Orv mie claay WR alte a eeu 50 
Operating free-air temperature range: Military-temperature-range circuits ....... —§5 °C: to.125°C 
Commercial-temperature-range circuits........ 0°C. to 70°C 
Storage. TOMS AUG TENGe ..... eink. sR oe ee ase ee sre Ree Ee es es 65 °C: to 150°C 
° NOTE 1: Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming. 
U 
ot TEXAS ay 


INSTRUMENTS 


POST OFFICE BOX 225012 © DALLAS, TEXAS 75265 


TBP38S030, TBP38L030, TBP38SA030 
TBP38S03X, TBP38L03X, TBP38SA03X 
256-BIT (32 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES 


recommended operating conditions for programming (see Figure 1) 


ile aa A ete eR ERR aire Me a a 
Supply voltage during verification 


tMeasured from 1.5. V on enable pin to 5.5 V on VCCipr) 
+Measured from 5.5 V on VCCipr) to 1.5 V on enable pin 
SMeasured from 5 V to 12 V 
{Measured from 12 V to 5 V 


step-by-step programming instructions (see Figure 1) 


te 


2 


Address the word to be programmed, apply 5 volts to Vcc and a low-logic-level voltage to the enable. 
G input. 


Verify the selected bit location that requires programming. Note: The only bit positions that require 
programming are outputs needing a high logic level. 


For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word. 
Deselect PROM by applying 5 volts to G. 
Connect a 4-mA current source (clamped to VCC) to the output that is to be programmed. 


Increase VCC to VCC(pr) for a pulse duration equal to twx (where X is determined by the number 
of programming attempts, i.e., 1,2,3). Minimum current capability for the VCC power supply should 
be 400 mA. 


Verify that the output has been programmed to a high logic level. If the output has been programmed 
correctly, go to the next bit. If not, repeat step 2 through step 7 and increment X (where X is equal 
to 1 on the first programming attempt). If the output has not been programmed by the third attempt, 
stop programming and go to a new device. 


Verify programming of every word after all words have been programmed using Vcc values of 4.5 volts 
and 5.5 volts. 


Sete, © gl MR tN SIM CA By has ee ce Ty) gm e > A ee Ba eee Ete ase 6) a eh ea oe 


” 
= 
2) 
cc 
oO. 
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: TBP38S030, TBP38L030, TBP38SA030 
Fe: TBP38S03X, TBP38L03X, TBP38SA03X 
¥ 256-BIT (32 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES 


AO TO A4 VALID ADDRESS 


| -tw1 (tw \¢—+- tw2 #-—9t- tw3 t— tw 
| | EL | TE, (a She waar oemnenen 125V 
Vcc | ee tcool 
5V 
| — OV 


rf 
sate) " + 


— *thien) 


PROGRAM ee AOR NE ON he 
PROGRAM Q7 


PROGRAM Q1 
VERIFY 


lllustrated above is the following sequence: 


1) It is desired to program the selected address with 01100001 (QO-Q7). Only outputs Q1, Q2 and Q7 need programming. 

2) Q1 is verified to be at a low logic level and then the programming sequence is executed. The output is then verified to be at a high 
logic level. 

3) Q2 is an example of an output requiring three attempts to be programmed successfully. 

4) Q7 is programmed to a high logic level. 


FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE 


., 
Dw 
Oo 
= 
~” 


ti 
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TBP38S030, TBP38S03X 
256-BIT (32 WORDS BY 8 BITS) 
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS 


recommended operating conditions 


MILITARY COMMERCIAL 
PARAMETER UNIT 
MiN_NOM_MAX | WIN NOM MAX 


You Supply voltage 


VIL Low-level input voltage 
lOH High-level output current 
IOL Low-level output current 


TA Operating free-air temperature range 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 


noted) 
MILITARY COMMERCIAL 
PARAMETER TEST CONDITIONST UNIT 
MIN TYP? MAX | MIN TYP? MA 
V 
V 
V 


ee Se wo eA) oe) ee 
i ae NA a ee 
=. RUSE 
Re ee Ee ee 
vec = MAX, Wi = 27 
Vcc = MAX 80 125 80 125 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los. 


switching characteristics over recommended ranges of TA and VCC (unless otherwise noted) ” 
ta(A) ta(S) = 
tdis O 
TEST ACCESS TIME ACCESS TIME 
TYPE DISABLE TIME Cc 
CONDITIONS FROM ADDRESS FROM ENABLE A. 
TBP38S030-15 C, = 30 pF 
TBP38S030-30 See Note 2 
TBP38S030-25 
FAll typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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__- TBP38L030, TBP38L03X_ ee eS 
___-:256-BIT (32 WORDS BY 8 BITS) 
LOW-POWER PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS 


recommended operating conditions 

ae MILITARY COMMERCIAL 

= ips waa "MIN NOM MAX | MIN NOM MAX |\ 
ae Vcc Supply voltage 4.5 5 5.5] 4.5 5. 6.6 -¥ 
3 ViH High-level input voltage 2 


VIL Low-level input voltage 

IOH High-level output current 

IOL Low-level output current 

TA Operating free-air temperature range 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


oN TEST CONDITIONSt UNIT 
= i= 18 mA 
re = MIN, lIoOH = -—1.6 mA : 
= MIN, lol = 8mA 
Vo = 2.4V 
ae Vo = 0.5 V 
ter Vi = 5.5 V 


Voc = 


- TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los. 


switching characteristics over recommended ranges of Ta and Vcc (unless otherwise noted) 


TEST MILITARY COMMERCIAL UNIT: 
CONDITIONS 


MIN TYP* MAX | MIN TYP? MAX 
Meese AS eo SEER SPE 
See Note 2 


PARAMETER 


ta(A) Access time from address 


ta(S) Access time from chip select (enable time) 


? 
4 


tdis Disable time 


Pe +All typical values are at Vcc = 5 V, Ta = 25°C. 
(ee NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 


BE 


; j 
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TBP38SA030, TBP38SA03X 
256-BIT (32 WORDS BY 8 BITS) 
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH OPEN-COLLECTOR OUTPUTS 


recommended operating conditions 


MILITARY COMMERCIAL 
icectsibicr [MIN NOM MAX | MIN NOM MAX | 


SUSAN AOE 65 eR ee 
VIL i 
OH a 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


MILITARY COMMERCIAL 
PARAMETER TEST CONDITIONST 
et ee So 


MIN TYP* MAX | MIN TYP* MAX 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 


switching characteristics over recommended ranges of Ta and Vcc (unless otherwise noted) 


TEST MILITARY COMMERCIAL 
PARAMETER 
CONDITIONS MIN TYP MAX | MIN TYP* MAX 


CL = 30 pF 


Propagation delay time, low-to-high-level See Note 2 


o 
= 
fe) 
ce 
a 


output from chip select 


TAI typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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Fastest Schottky PROM Family 
High-Speed Access Times 


@ Low-Power, 3-State, and Open-Collector 
Options Available 


@ Titanium-Tungsten (Ti-W) Fuse Links for 
Reliable Low-Voltage Programming 


@ Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 
Address Mapping/Look-Up Tables 


@ Package Options Include 300-Mil or 600-Mil 
24-Pin DIP, and 28-Pin Chip-Carrier 
Packages 


description 


These Series-3 monolithic TTL programmable 
read-only memories (PROMs) feature high-speed 
access times and dependable titanium-tungsten 
fuse link program elements. They are organized 
as 2048 words by 8 bits each, providing a total 
of 16,384 bits. The '38S16 has three-state 
outputs. The ‘’38SA16 is the open-collector 
version and allows the device to be connected 
directly to data buses utilizing passive pull-up 
resistors. The low-power ’38L16 is available for 
applications that require power conservation 
while maintaining bipolar speeds. It also has 
three-state outputs. 


Data is programmed at any bit location with the 
standard Series 3 programming algorithm. The 
program elements store a logic level low before 
any programming, and are permanently set to a 
logic level high after programming. After 
execution of the programming procedure, the 


output for that bit location cannot be reversed. The Series 3 programming procedure should be referred 
to for further details. Additional circuitry has been designed into these devices to improve testability and 


insure high programmability. 


PRODUCT PREVIEW 
This document contains information 
; on a product under development. 
“3 _ Texas Instruments reserves the right 
ee _ to change or discontinue this product 
Hig ho notice. ey 
2S5- types = Lae = 5 
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~ TBP3BS16, TBP38L16, 6, TBP38SA16 
_ 16,384-BIT (2048 WORDS BY 8 BITS) 


TBP38L165, TBP38S165, TBP38SA165.. 
TBP38L166, TBP38S166, TBP38SA166. . 


(TOP VIEW) 


. NT OR JT PACKAGE 
. NW OR JW PACKAGE 


VCC 
A8 
AQ 
A10 
G1 
G3 
G2 
Q7 
Q6 
Q5 
Q4 
Q3 


TBP38L16X, TBP38S16X, TBP38SA16X . 


..FNORFKPACKAGE 
(TOP VIEW) . 


NC —No internal connection 


te 


TBP38S16, TBP38L16, TBP38SA16 
16,384-BIT (2048 WORDS BY 8 BITS) 
PROGRAMMABLE READ-ONLY MEMORIES 


logic symbols 
TBP38S16, TBP38L16 TBP38SA16 | 


PROM 2048 X 8 


PROM 2048 X 8 


AO 
ee ait 
(ee no (6) oO 
A2 (10) (10) 
Q1 a3 _{8) Q1 
A3 (11) (4) (11) 
A4 (13) a A4 (13) = 
A5 = AS i (14) oF 
2 (14) on ine a 
(15) 05 (1) Q5 
A7 (16) A7 (16) 
A8 (17) OS A8 Cad (17) a 
Q7 (22) Q7 
AQ AQ 
(21) 
A10 A10 
(19) 
G3 G3 
3 G2 (18) 
G1 G1 (20) k= 


Pin numbers shown are for JT, JW, NT, or NW packages. 


schematics of inputs and outputs 


EQUIVALENT OF INPUTS TYPICAL OF ALL TYPICAL OF ALL THREE-STATE OUTPUTS 


OPEN-COLLECTOR OUTPUTS 
Vec Vcc 


OUTPUT 


es 
=) 
Oo 
= 
D 


OUTPUT 


PROGRAMMING CIRCUIT 
NOT SHOWN PROGRAMMING CIRCUIT NOT SHOWN 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


A ieeeyre UTE OtNer EGU NRCS UD ss. ee ee a ee as oe hee SR ce od ae Seb in ¥ eo Dee ae ee 7V 
SAIN MONE RINID ce ca rete y kein | Sea Ee RE dia SS shia ape ts Gh Ban ke Been We tee: & one eae et a 5.5: V 
og OT Re Ee cece Ea eA kM ie CR EN SO ON OY CPN: Be DUO UIIUDR EER Bay RMU SET nie Shore ana 5.5 V 
Operating free-air temperature range: Military-temperature-range circuits ....... -—55°C to 125°C 

| Commercial-temperature-range circuits........ O2G:te: 70°C 
SiGre06 tOmperavire FANGS 2k 6.505 eet ee ee See OF oa ato mole -~66°C ta 150°C 


NOTE 1: Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming. 
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| Delay time between successive VCC(pr) pulses 10. 20 Bet g 
2 


- TBP38S16, TBP38L16, TBP38SA16 
16,384-BIT (2048 WORDS BY 8 BITS) 
PROGRAMMABLE READ-ONLY MEMORIES 


recommended operating conditions for programming (see Figure 1) 


oa ee ee ee rt eee 
Supply voltage during verification 4.5 5 5.5 
3 


Input voltage V 
002 08 
nable voltage during verification 
avi G2, G3 
: : 1 


ESS eS eS eS RES ee Re 

fr ees. to . 
V 
BS 
LS 
LS 
pS 
pS 
BS 
fas) 
LS 


Enable inactive voltage during programming G2 G3 r) 02 On 


Vcc program pulse duration 


Delay time between successive VCC(pr) pulses 10 0 30] us | 
Cooling time between words 100 150 200 
Free-air temperature 20. es 30 


tMeasured from 1.5 V on enable pin to 5.5 V on VCCipr) 
+Measured from 5.5 V on VCCipr) to 1.5 V on enable pin 
SMeasured from 5 V to 12 V 
{Measured from 12 V to 5 V 


step-by-step programming instructions (see Figure 1) 


1. Address the word to be programmed, apply 5 volts to Vcc and active levels to all enable inputs (G1 : 
GZ," G3). 


2. Verify the selected bit location that requires programming. Note: The only bit positions that require 
programming are outputs needing a high logic level. 


For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word. 
Deselect PROM by applying 5 volts to G1, or O volts to G2 or G3. 


Connect a 4-mA current source (clamped to VCC) to the output that is to be programmed. 


ee 


Increase VCC to VCCi(pr) for a pulse duration equal to twxX (where X is determined by the number 
of programming attempts, i.e., 1,2,3). Minimum current capability for the VCC power supply should 
be 400 mA. . 


7. Verify that the output has been programmed to a high logic level. If the output has been programmed 
correctly, go to the next bit. If not, repeat step 2 through step 7 and increment X (where X is equal 
to 1 on the first programming attempt). If the output has not been programmed by the third attempt, 
stop programming and go to a new device. 


8. Verify programming of every word after all words have been programmed using VCc values of 4.5 volts 
and 5.5 volts. 
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od 


sd eet earn 


7. 


ty 
Dery ? 
: 7 = 
Wee jut 
ee <p 
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TBP38S16, TBP38L16, TBP38SA16 
16,384-BIT (2048 WORDS BY 8 BITS) 
PROGRAMMABLE READ-ONLY MEMORIES 


| +> tw1 (r-tw1 \}+— + tw2 }¢— ++ tw3 —-tw1 
| Ne ape lg ae 12.5 V 
Vec | '¢#—— + tcool 
5V 
ts(en) | — Ov 
co 


| > f*th(en) 


PROGRAM Q1 
VERIFY 


Illustrated above is the following sequence: 


1) It is desired to program the selected address with 01100001 (QO-Q7). Only outputs Q1, Q2 and Q7 need programming. 

2) Q1 is verified to be at a low logic level and then the programming sequence is executed. The output is then verified to be at a high 
logic level. 

3) Q2 is an example of an output requiring three attempts to be programmed successfully. 

4) Q7 is programmed to a high logic level. 


FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE 
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a TBP38S160— 
| 16,384-BIT (2048 WORDS BY 8 BITS) 
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS = 


« = — Fi ‘ ; . 
3 i . i 


recommended operating conditions 


MILITARY COMMERCIAL | Bee 
deere oe [MIN NOM MAX | MIN Nom max] | 


Vcc __ Supply voltage a8 8 BS FAS be 88 | ee 


re | 

Vin High-level input voltage Po. |, | nn 
Vit___ Low-level input voltage SSeS SSE 8 ae - 
IOH High-level output current $5: 
lo Low-level output current | mA | ; 
TA Operating free-air temperature range f * 
electrical characteristics over recommended operating free-air temperature range (unless otherwise R 2 
noted) goes 
a 

> ED con emia eee a 2 ee 2S 

Lea oe s 

: BSS SAS 5 SS ee Ee 


Pou eee ee 
ss SRS RES SO 2 
Se ae SE 
Pee eee 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los: 


lOZH Vcc = MAX, 0 = 2.4V 
Vcc = MAX, }=5.5V 
' | 


V : 
lOZL Vec = MAX Vo = 0.5 V 
Vv 


Wie: 
VOH 
VOL 
li 

He 

ICC 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


ta(A) ta(S) 


t . 
ACCESS TIME ACCESS TIME dis 
DISABLE TIME 
FROM ADDRESS | FROM ENABLE 


MIN Typt MAX | MIN Typ+ MAX | MIN TYP* MAX 


SSeS es DEE Ree ee 


TEST 
CONDITIONS 


Military 
TBP38S16 : 
Milit 
a aaa 


All typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 


Cy = 30 pF 
See Note 2 
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TBP38L16 
16,384-BIT (2048 WORDS BY 8 BITS) 
LOW-POWER PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS 


recommended operating conditions 


MILITARY COMMERCIAL 
Revie 4 [MIN NOM MAX | MIN NOM MAX |. 


a aC LT 
i High-level input voltage CE PSO Ce eee ea 
Vit__Lowrleve input vatage Sena) Sa as 
eye High-level output current AR ACh © Sea ES Ae 
Poe es Bee ae eee 


loL Low-level output current 
sts = 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


(43 
> 


TA Operating free-air temperature range 


MILITARY COMMERCIAL sini 
MIN TYP* MAX] MIN TYP* MAX 


Vo = 0.5V 
Vj = 5.5 V mA 


V 
Vo = 2.4V a | 
PBA | 
1] ma | 


Ts 5 | uA _| 


tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, Ios. 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


ta(A) ta(S) 


t . 
ACCESS TIME ACCESS TIME dis 
DISABLE TIME 
FROM ADDRESS | FROM ENABLE 


TEST 
CONDITIONS 


TYPE 


All typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 


Ci = 30 pF 
See Note 2 
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TBP38SA16 — 
16,384-BiT (2048 WORDS BY 8 BITS) 
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH OPEN-COLLECTOR OUTPUTS 


recommended operating conditions 


MILITARY COMMERCIAL 
Bai bs [MIN NOM Max [MIN NOM Max | —" 


Vcc __ Supply voltage poa.6 5 55] 45. 5 8ST 


Vin High-level input voltage 
Vit___tow-level input voltage et ee OR a ee 
VOH High-level output voltage aes se > a ee 
lOL Low-level output current See PSS ke 


TA Operating free-air temperature range 


i 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 


noted) 
MILITARY COMMERCIAL 
PARAMETER TEST CONDITIONSt : 5 UNIT 
MIN TYP? MAX] MIN TYP? MAX 
ViK I 


IOH Vec*= 


Von = 2.4 pa os aS 
MIN, OH mA 
pene i en 


lol = 16 mA 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


PARAMETER TEST MILITARY COMMERCIAL Unit 

CONDITIONS MIN TYP MAX] MIN TYP? MAX 
LSE cholo RL Rete eee Sa sks es 
ta(S) Access time from chip select (enable time) CL = 30 pF PROSE SRS oe 


Propagation delay time, low-to-high-level See Note 2 


t 
cad output from chip select 


All typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 
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TBP38S8, TBP38L8, TBP38SA8 
8,192-BIT (1024 WORDS BY 8 BITS) 
PROGRAMMABLE READ-ONLY MEMORIES 


JANUARY 1985 


Fastest Schottky PROM Family TBP38L85, TBP38S85, TBP38SA85 .. . NT OR JT PACKAGE 
TBP38L86, TBP38S86, TBP38SA86 . . . NW OR JW PACKAGE 


(TOP VIEW) 


High-Speed Access Times 


Low-Power, 3-State, and Open-Collector 
Options Available 


@ Titanium-Tungsten (Ti-W) Fuse Links for 
Reliable Low-Voltage Programming 


® Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 
Address Mapping/Look-Up Tables 


@ Package Options Include 300-Mil or 600-Mil 
24-Pin DIP, and 28-Pin Chip-Carrier 


Packages 
TBP38L8X, TBP38S8X, TBP38SA8X . . . FN OR FK PACKAGE 
description (TOP VIEW) 
These Series-3 monolithic TTL programmable O 
A iD: OM 6) a ©) 
read-only memories (PROMs) feature high-speed <<¢t ¢i2z > 4 <4 
access times and dependable titanium-tungsten a3 2 38 5208 


fuse link program elements. They are organized 
as 1024 words by 8 bits each, providing a total 
of 8,192 bits. The ‘'38S8 has three-state 
outputs. The ‘’38SA8 is the open-collector 
version and allows the device to be connected 
directly to data buses utilizing passive pull-up 
resistors. The low-power ‘38L8 is available for 
applications that require power conservation 
while maintaining bipolar speeds. It also has 


A4f]s 25(] G4 
A3[]6 24] G1 
A217 23(] G3 
A18 22(] G2 
AO {]9 21f1 NC 
NC [J10 201] Q7 
Qo f]11 19[] a6 
12 13 14 1516 1718 


: “NA OMT WwW 
three-state outputs. ome) é Odo 


” 
= 
Oo 
[os 
ou 


Data is programmed at any bit location with the 

standard Series 3 programming algorithm. The NC—No internal connection 

program elements store a logic level low before 

any programming, and are permanently set to a 

logic level high after programming. After 

execution of the programming procedure, the 

output for that bit location cannot be reversed. The Series 3 programming procedure should be referred 
to for further details. Additional circuitry has been designed into these devices to improve testability and 
insure high programmability. 
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TBP38S8, TBP38L8, TBP38SA8 
8 192-BIT (1024 WORDS BY 8 BITS) 
PROGRAMMABLE READ-ONLY MEMORIES 


logic symbols 
TBP38S8, TBP38L8 TBP38SA8 


PROM 1024 X 8 PROM 1024 X 8 


0 


AO 

Al ao 
A2 Q1 
A3 Q2 
A4 Q3 
AS a4 
AG a5 
Al Q6 
A8 Q7 
Ag 


G4 
G3 
G2 
G1 


Pin numbers shown are for JT, JW, NT, or NW packages. 


schematics of inputs and outputs 


EQUIVALENT OF INPUTS TYPICAL OF ALL TYPICAL OF ALL THREE-STATE OUTPUTS 


- OPEN-COLLECTOR OUTPUTS 
Vcc geo Vcc 


OUTPUT 


OUTPUT 


PROGRAMMING CIRCUIT 
NOT SHOWN PROGRAMMING CIRCUIT NOT SHOWN 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SHINY. VOMBUG AGO TeCbOs hye Se ee So ee a raed ee AR eds Sa Re ae Ee ee 7V 
Ul LLL, * | Saat acs a ae NLR ae Oe. Eas OE RIM E LM Oeeeraa we Weare ek ae a ere ora teen ere ep a. -V 
Gere AUB TO OU ise WONG, oo okie Ane ee ee ee ER 2 on we See eae eae ae Bed oo V 
Operating free-air temperature range: Military-temperature-range circuits ....... — 55°C to 125°C 

Commercial-temperature-range circuits........ O°C to: 70°C 
Storace temperatire tangs: >. 2 ea Ca eR eee eS oe ee —-65°C to 150°C 


NOTE 1: Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming. 
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TBP38S22, TBP38L22, TBP38SA22 
TBP38S2X, TBP38L2X, TBP38SA2X 
2,048-BIT (256 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES 


DECEMBER 1984 


Fastest Schottky PROM Family TBP38S22, TBP38L22, TBP38SA22 .. . J OR N PACKAGE 
TOP VIEW 

High-Speed Access Times 

Low-Power, Open-Collector, and 3-State 

Options Available 


@ Titanium-Tungsten (Ti-W) Fuse Links for 
Reliable Low-Voltage Programming 


@ P-N-P Inputs for Reduced Loading on 
System Buffers/Drivers 


@ Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Character Generators 
Translators/Emulators 
Address Mapping/Look-Up Tables 


TBP38S2X, TBP38L2X, TBP38SA2X . . . FN OR FK PACKAGE 


(TOP VIEW) 
@ Package Options Include 20-Pin DIP, and O 
20-Pin Chip-Carrier SY aga oe 
description sora 

A314 18 [| A6 
These Series-3 monolithic TTL programmable A4t]s 17f1 A5 
read-only memories (PROMs) feature high-speed oolle 16[] G2 
access times and dependable titanium-tungsten 0117 15{] G1 


fuse link program elements. They are organized a2ns 
as 256 words by 8 bits each, providing a total 


14|| Q7 


9 10111213 
of 2,048 bits. The ‘38S22 has three-state Sra 
outputs. The '38SA22 is the open-collector as Sao 
version and allows the device to be connected O 


directly to data buses utilizing passive pull-up NC—No internal connection ” 
resistors. The low-power '38L22 is available for = 
applications that require power conservation oO 
while maintaining bipolar speeds. oc 
Data is programmed at any bit location with the standard Series 3 programming algorithm. The program o 
elements store a logic level low before any programming, and are permanently set to a logic level high 
after programming. After execution of the programming procedure, the output for that bit location cannot 
be reversed. The Series 3 programming procedure should be referred to for further details. Additional circuitry 
has been designed into these devices to improve testability and insure high programmability. 
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__-TBP38S22, TBP38L22, TBP38SA22 
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TBP38S2X, TBP38L2X, TBP38SA2X 
2,048-BIT (256 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES 


logic symbols 


TBP38S22, TBP38L22 TBP38SA22 


PROM 256 X 8 PROM 256 X 8 


Pin numbers shown are for J or N packages. 


schematics of inputs and outputs 


EQUIVALENT OF INPUTS TYPICAL OF ALL TYPICAL OF ALL THREE-STATE OUTPUTS 


OPEN-COLLECTOR OUTPUTS 
Vcc 


OUTPUT 


OUTPUT 


PROGRAMMING CIRCUIT 
NOT SHOWN PROGRAMMING CIRCUIT NOT SHOWN 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Suppiy: voltane: (eee ote. 4). sca ece eos as Sn eR a oy ee oe a ee Pace eee Fs 7V 
SPR SRLM MIO SURIREIN czy SOs? ane ob an * 3 Sos ey OEE OATS Uae be aS ge ee ee ae a ee one Ae OES 5.5 V 
EAT E-Btate OUIDUt-VORBHG ob onc, Se aes a hee a ee Se a ee Ca A es A 5-5: V. 
Operating free-air temperature range: Military-temperature-range circuits ....... —55°C to 125°C 

Commercial-temperature-range circuits........ O2Ct0-70°G 
storage température range ©... ise es Ss OS ee Sa es eee =65°C to 780°C 


NOTE 1: Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming. 
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——. z + tee Ty Pr. a x ~ es ~ “a. =" fo<“— ad wee SS Rw ak oie 5 fe er =e SS, -— + oe ee a “en, @ re? > = La 7h = = ss i 
aoe Se RA i eth a1 mar RECS aes en es ee tS oe i Oe es ea aca ih = eae oA age oa ei eee Se 5 
Oe fe Beas ee ee ae ee Pate os ees Te Sh a An eal eg a eee eg eS Ses Se oe ee See = AS PRs eae 
aS i SS e S 2f = ee . ; - a As Sg ie Pee RS oy ee % re 2 \ ie 5 ae Ps, PrSie tt. % me are ~ ert 
Ti os Se. 2 et: - tee) og oY ah ; se . : a ‘ 


ee eS ee 
- ‘a > RY) Pe ee i = -— =). ce a 
’ Gj ~* ¥, .-. ’ . J “ * a « — 
~ . to Gi ee sa “ ey fy OE SI. Pica whet . E- pte ‘ a pe ces Sat 
ris ie pal Sh eR £7 i : # - oremeg = oes 
u ae — 


TBP38S22, TBP38L22, TBP38SA22. 
TBP38S2X. TBP38L2X. TBP38SA2X 
2.048-BIT (256 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES 


recommended operating conditions for programming (see Figure 1) 


a ae Ege ee A eS ee EE 
Supply voltage during verification 


Ber see Se ee 
nput voita 
ee eae as CE TS 
0.2 
2 


VCC 
VIH 
VIL ) 6) 


TMeasured from 1.5 V on enable pin to 5.5 V on VCC (pr) 

+Measured from 5.5 V on VCC(pr) to 1.5 V on enable pin 

8Measured from 5 V to 12 V 

{Measured from 12 V to 5 V ' 


step-by-step programming instructions (see Figure 1) 


1. Address the word to be programmed, apply 5 volts to VCC and a low-logic-level voltage to the enable 
inputs G1 and G2. 


2. Verify the selected bit location that requires programming. Note: The only bit positions that require 
programming are outputs needing a high logic level. : 


For bit locations that do not require programming, go to step 2 for the next bit, or to step 1 for next word. 


Deselect PROM by applying 5 volts to G1 or G2. 


Connect a 4-mA current source (clamped to VCC) to the output that is to be programmed. 


MR 6 tp AO 


Increase Vcc to VCC(pr) for a pulse duration equal to tw x (where X is determined by the number 
of programming attempts, i.e., 1,2,3)? Minimum current capability for the VCC power supply should 
be 400 mA. 


7. Verify that the output has been programmed to a high logic level. If the output has been programmed 
correctly, go to the next bit. If not, repeat step 2 through step 7 and increment X (where X is equal 
to 1 on the first programming attempt). If the output has not been programmed by the third attempt, 
stop programming and go to a new device. 


8. Verify programming of every word after all words have been programmed using VCc¢ values of 4.5 volts 
and 5.5 volts. 


; 
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TBP38$22, TBP38L22, TBP38SA22 
TBP38S2X, TBP38L2X, TBP38SA2X 
2,048-BIT (256 WORDS BY 8 BITS) PROGRAMMABLE READ-ONLY MEMORIES 


AO TO A111 VALID ADDRESS 


4 Illustrated above is the following sequence: 
v 
fs 
YD 


4-84 


| I fetw1 je \e-tw1 —B \e-tw2 =| fwd ap he-tw1 
| a, 


ts(en) P| je 


| | —>| }¢ th(en) 


PROGRAM oe es 
PROGRAM Q7 


VERIFY 
PROGRAM Q1 


VERIFY 


1) It is desired to program the selected address with 01100001 (QO-Q7). Only outputs Q1, Q2 and Q7 need programming. 
2) Q1 is verified to be at a low logic level and then the programming sequence is executed. The output is then verified to be at a high 


logic level. 
3) Q2 is an example of an output requiring three attempts to be programmed successfully. 


4) Q7 is programmed to a high logic level. 


FIGURE 1. SERIES 3 PROGRAMMING SEQUENCE 
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: := ; a | - i —- - 34 Pe 2 ¥ 2 Yas Sse , Thats Seas oe ar eh, ~S oa 
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TBP38S22, TBP38S2X oS; 
: 2,048-BIT (256 WORDS BY 8 BITS) 
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS 


recommended operating conditions 


PARAMETER 
Vcc Supply voltage 4.5 5 5.5 | 4.5 5 5.5 
Vin High level input voage 
IOH High-level output current Saeeioweee , 


IOL Low-level output current 


TA Operating free-air temperature range 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 


noted) 
MILITARY COMMERCIAL 
PARAMETER TEST CONDITIONSt UNIT 
MIN TYP MAX | MIN TYP? MAX 
Vec= MIN, = 18 mA =1.2 
Vec= MIN, oH = MAX 
VOL 
lH 
Ne 
Icc 


ho 
L 
Ww 
asl 
NO 
& 
Ww 
aa 


eva Voc = MIN, lo = 16 mA 
Voc = MAX, Vo = 2.4 


oz Vcc = MAX, Vo = 0.5 V 


SESRUEaSE |< 
Peaeaemere 
Vee = MAX, Vj = 5.5V 
Voc = MAX, _Wp= 2.7V 
Vee = MAX, Wi = 0.5 

Rec! os Ware. 


Vcc = MAX 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los. 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


TYPE 


TBPSBS2I.XX 


ta(A) ta(S) a 
ACCESS TIME ACCESS TIME dis 


DISABLE TIME 
FROM ADDRESS FROM ENABLE 


ee 
ae 


TEST 
CONDITIONS 


TBP38S22-XX 
Military 
TBP38S22 - 


+All typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The 77L Data Book, Volume 4, 1985. 


Ci = 30 pF 
See Note 2 


ESE ee Be ae 
is See BS 
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TBP38L22, TBP38L2X 
2,048-BIT (256 WORDS BY 8 BITS) 
LOW-POWER PROGRAMMABLE READ-ONLY MEMORY WITH 3-STATE OUTPUTS 


recommended operating conditions 


MILITARY COMMERCIAL 
PARAMETER MIN NOM MAX | MIN NOM MAX | UNIT 


Vcc Supply voltage 4.5 5 5.5 | 4.5 5 5.5 


“85 ~C« 


TOL Low-level output current 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER 
ViK 


Ta Operating free-air temperature range 


MILITARY COMMERCIAL 
TEST CONDITIONST UNIT 
MIN TYPt MAX | MIN TYP? MAX 
1 


= ae Veo = MIN, y= 18 mA 
Voc = MIN, Igy = —1.6 mA 
Vcc = MIN, Io, = 8 mA ERAS Os em SETA BETTS 

Vee = MAX Vo = 24V eC or Saree 

Voc = MAK _-Vo'= 0.5V 

Vee = MAK, Ws = BBV 

Voc = MAX, W= 2.7 

i vee = MX Tage Sou ey Oe ee Oye) AS 

Voc = MAX ERE Ee SAIS RIT 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 
8The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los. 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 
TEST MILITARY COMMERCIAL 
PARAMETER UNIT 
CONDITIONS MIN TYP* MAX | MIN TYP* MAX 
tala) Access time from address ae thee he ee ae eigen 
ta(S), Access time from chip select (enable time) a ‘ Pe Te ea 
: . See Note 2 
tgis __Disable time POELRIEL REPT 
FAll typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985. 
U 
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TBP38SA22, TBP38SA2X 
2,048-BIT (256 WORDS BY 8 BITS) 
STANDARD PROGRAMMABLE READ-ONLY MEMORY WITH OPEN-COLLECTOR OUTPUTS 


recommended operating conditions 


COMMERCIAL 


vee 2 Sumy volgen ees bee S| a ee 
1 onene 7 
Von _sWioheveloutpur voltegs 
Gi: low welamterent 0 eee 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 


noted) 
MILITARY 
TEST CONDITIONSt Cease “UNIT 
MIN TYP? MAX | MIN TYP? MAX 
I 


PARAMETER 
(oom ne 
= VoH = 5.5 po OA ee 


< 


< 


< 


< 


3 
> 


TFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


TEST MILITARY COMMERCIAL 
PARAMETER 
CONDITIONS 


; ; UNIT 
MIN TYP* MAX | MIN TYP* MAX 
ta(A) Access time from address Be SR 


ta(S) Access time from chip select (enable time) Cy = 30 pF 
Propagation delay time, low-to-high-level See Note 2 


tPLH 


ae 


output from chip select 


+All typical values are at Veco = 5 Vv, TA = 25°C. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1 of The TTL Data Book, Volume 4, 1985. 
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General Information 


Functional Index 


Field-Programmable Logic 


RAMs and Memory-Based 
Code Converters 


Designing with Texas Instruments 
Field-Programmable Logic 


Mechanical Data 


For Application as a‘’Scratch Pad’’ Memory 
with Nondestructive Read-Out 


Fully Decoded Memory Organized as 16 
Words of Four Bits Each 


Fast Access Time. . . 33 ns Typical 
Diode-Clamped, Buffered Inputs 


Open-Collector Outputs Provide Wire-AND 
Capability 


Typical Power Dissipation . . . 375 mW 
Compatible with Most TTL Circuits 


description 


This 64-bit active-element memory is a 
monolithic, high-speed, transistor-transistor logic 
(TTL) array of 64 flip-flop memory cells organized 
in a matrix to provide 16 words of four bits each. 
Each of the 16 words is addressed in straight 
binary with full on-chip decoding. 


The buffered memory inputs consist of four 
address lines, four data inputs, a write enable, 
and a memory enable for controlling the entry 
and access of data. The memory has open- 
collector outputs which may be wired-AND 
connected to permit expansion up to 4704 
words of N-bit length without additional output 
buffering. Access time is typically 33 
nanoseconds; power dissipation is typically 375 
milliwatts. 


FUNCTION TABLE 


are OPERATION CONDITION OF OUTPUTS 


Write Complement of Data Inputs 
Read Complement of Selected Word 


Inhibit Storage Complement of Data Inputs 
Do Nothing High 


write operation 


SN7489 
64-BIT RANDOM-ACCESS READ/WRITE MEMORY 


D1416, DECEMBER 1972—REVISED FEBRUARY 1984 


SN7489 ... JOR N PACKAGE 
(TOP VIEW) 


logic symbol 


Information present at the data inputs is written into the memory by addressing the desired word and holding 
both the memory enable and write enable low. Since the internal output of the data input gate is common 
to the input of the sense amplifier, the sense output will assume the opposite state of the information 


at the data inputs when the write enable is low. 


read operation 


The complement of the information which has been written into the memory is nondestructively read out 
at the four sense outputs. This is accomplished by holding the memory enable low, the write enable high, 


and selecting the desired address. 
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BIAS NETWORK 
SENSE LINE 
BIAS NETWORK 
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SN7489 
64-BIT RANDOM-ACCESS READ/WRITE MEMORY 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT 


TYPICAL OF ALL OUTPUTS 


Vcc 


OUTPUT 


Data Inputs: Reg =6k2 NOM 
All others: Reg = 4k92 NOM 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


BUG VERO Wey TGOM Huise? EP six oss veo ead Gtk Sele Pls DM St ee Fe ly we ee ee 7V 
Sn SRO AONE) SPO SS. Sy wanders ic et oe bee a Wie kas Gp eee ee ee ee eo Fo a 
hign-level output veitage, VOoH (see Notes: 1and: 2) 2... oe ee hw cael Wem ns os ele es 5.5°¥ 
ROOTERIiGh s9RG=GIT LONDON ACLING TANS. a sucka ste ee eave he's 4 > Oe ab xual F. Mfeceawnese oie yk 0°C ‘to 70° 
Pumeremcre: TONTIISTRUNIG: CED 6. 6 ne ao oa Sas tow oA aiged aT ee wR acdc aati —-65°C to 150°C 


NOTES: 1. Voltage values are with respect to network ground terminal. 
2. This is the maximum voltage that should be applied to any output when it is in the off state. 


recommended operating conditions 


Supply voltage, Vcc 
Width of write-enable pulse, tw 
Setup time, data input with respect to write enable, tg, (see Figure 1) 
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SN7489 
64-BIT RANDOM-ACCESS READ/WRITE MEMORY 


electrical characteristics over recommended operating free-air temperature range 
(unless otherwise noted) 


PARAMETER TEST CONDITIONST MIN TYP MAX 
V 
V 


Input clamp voltage Vcc = MIN, i} = -—12 mA 


IH 
IL 
IK 
IOH High-level output current 
OL 
| 
C 


Sl Bae ASRS 9 2 ee eee | 
Vi, = 0.8 V i= tema | CR 
Input current at maximum 
Vcc = MAX, VV; = 5.5 V 
input voltage 


Low-level input current Vcc = MAX, Vi =04V 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
All typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 3: Icc is measured with the memory enable grounded, all other inputs at 4.5 V, and all outputs open. 


as V 

O 20 be 
0.4 

V 

| = 1 m 

NH High-level input current Vcc = MAX, Vi = 2.4V 40 m 

NL = us 

Ic 75 105 m 

p 


A 
A 
A 
A 
A 
F 


switching characteristics, Vcc = 5 V, TA = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 


Propagation delay time, low-to-high-level 

tPLH 26 50 
output from memory enable 
Propagation delay time, high-to-low-level 

tPHL 33 50 
output from memory enable Ci = 30 pF, 
Propagation delay time, low-to-high-level Riz = 3002, 

tPLH 30 60 
output from any address input Ri2 = 6002, 


Propagation delay time, high-to-low-level See Figure 1 


tPHL 


output from any address input 


A Sense recovery time Output initially high 
SR after writing Output initially low 
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64-BIT RANDOM-ACCESS READ/WRITE MEMORY = si 


PARAMETER MEASUREMENT INFORMATION 


= MEMORY 
cc ENABLE 


From output 
under test 


ANY 
Rua = 600.1 ADDRESS 


Cy. = 30 pF 


ef (See Note B) 


LOAD CIRCUIT 


3V 
MEMORY 
ENABLE 
) a Ae ov WRITE 
: | ENABLE 
-—--—-— 3V 
ANY ie NI 
ADDRESS ANY HIGH 
OUTPUT 
ANY ANY LOW 
OUTPUT OUTPUT 


Write enable is high. 


READ CYCLE WRITE CYCLE FROM WRITE ENABLE 


NOTES: A. The input pulse generators have the following characteristics: tp < 10 ns, tg s 10 ns, PRR = 1 MHz, Zoyt =~ 50 Q. 
B. C; includes probe and jig capacitance. 


FIGURE 1—SWITCHING CHARACTERISTICS 
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SN7489 
64-BIT RANDOM-ACCESS READ/WRITE MEMORY 


TYPICAL CHARACTERISTICS 


INPUT CURRENT 
vs 
INPUT VOLTAGE 


PROPAGATION DELAY TIME 
vs 
FREE-AIR TEMPERATURE 


¢ e 
i 4 
£ 
2 be 
5 5 
+ 5 
& g 
7 o 
= ie 
0 10 20 30 40 50 60 70 
Vi—Input Voltage—V Ta—Free-Air Temperature— C 
FIGURE 2 FIGURE 3 
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ay SN54184, SN54185A, SN74184, SN74185A | 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS =— 


FEBRUARY 1971 —REVISED DECEMBER 1972 


SN54184, SN74184 BCD-TO-BINARY CONVERTERS 


SN54185A, SN74185A BINARY-TO-BCD CONVERTERS as 

SN54184, SN54185A ... J OR W PACKAGE > = 

SN74184, SN74185A.... J OR N PACKAGE ee 

(TOP VIEW) ae | 

1 

Y1 VCC ae 

53 E Bat 

ie Y4 D ee 
description Y5 Cc | 2 
These monolithic converters are derived from the Y6 2 oS 
custom MSI 256-bit read-only memories SN5488 and Y7 A fe = 
SN7488. Emitter connections are made to provide GND ¥5 $ a) 
direct read-out of converted codes at outputs Y8 Sone ‘ i 
through Y1 as shown in the function tables. These ic 
SN54184, SN74184 = 


io 
uae 


converters demonstrate the versatility of a read-only 
memory in that an unlimited number of reference 
tables or conversion tables may be built into a system 
using economical, customized read-only memories. 
Both of these converters comprehend that the least 
significant bits (LSB) of the binary and BCD codes 
are logically equal, and in each case the LSB bypasses 
the converter as illustrated in the typical applications. 
This means that a 6-bit converter is produced in each 
case. Both devices are cascadable to N bits. 


PACKAGE COUNT AND DELAY TIMES 
FOR BCD-TO-BINARY CONVERSION 


INPUT PACKAGES | TOTAL DELAY TIMES (ns) 
(DECADES) | REQUIRED TYP MAX 


2 


<M 


3 
4 
5 
6 


An overriding enable input is provided on each converter which, when taken high, inhibits the function, causing all 
outputs to go high. For this reason, and to minimize power consumption, unused outputs Y7 and Y8 of the ‘185A 
and all ‘‘don’t care’’ conditions of the ‘184 are programmed high. The outputs are of the open-collector type. 


The SN54184 and SN54185A are characterized for operation over the full military temperature range of —55°C to 
125'C; the SN74184 and SN74185A are characterized for operation from 0°C to 70°C. 


SN54184 and SN74184 BCD-to-binary converters 


The 6-bit BCD-to-binary function of the SN54184 In addition to BCD-to-binary conversion, the 
and SN74184 is analogous to the algorithm: SN54184 and SN74184 are programmed to generate 
BCD 9's complement or BCD 10’s complement. 
a. Shift BCD number right one bit and examine Again, in each case, one bit of the complement code 
each decade. Subtract three from each 4-bit is logically equal to one of the BCD bits; therefore, 

decade containing a binary value greater than these complements can be produced on three lines. : 

seven. As outputs Y6, Y7, and Y8 are not required in the spear 

b. Shift right, examine, and correct after each BCD-to-binary conversion, they are utilized to ae 

shift until the least significant decade contains provide these complement codes as specified in the ve 

a number smaller than eight and all other con- function table (following page, right) when the de- x y 

vetted dacade<.contain xara, vices are connected as shown above the function | ‘Ss 

table. hon 

ye 

mes 

5 

ae 

¥: 
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$N54184, SN74184 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 


SN54184 and SN74184 BCD-to-binary converters (continued) 


BCD 9’S BCD 10'S 
6-BIT CONVERTER COMPLEMENT CONVERTER COMPLEMENT CONVERTER 
MSD LSD BCD 


E D 
SN54184 OR SN74184 


v8 


SN54184 OR SN74184 
¥S. Va V3e V2 VA 


SN54184 OR SN74184 
vo N7 > V8 


Vi V6 


\ 95 9A 93.92 91 20 ,, .Np Nc Neg Na, < tps dee tie ZEA; 
6-BIT BINARY OUTPUT BCD 9’S COMPLEMENT BCD 10’S COMPLEMENT 
FUNCTION TABLE FUNCTION TABLE 
BCD-TO-BINARY BCD 9’S OR BCD 10’S 
CONVERTER COMPLEMENT CONVERTER 


INPUTS 
(See Note A) 


OUTPUTS 
(See Note B) 


INPUTS OUTPUTS 
(See Note C) (See Note D) 


¢ pc 8 A[E|ve va v3 v2 Vi ep ee Abele vive 
REF ree ees S 8 ert. 0 bo gy OS ae, 
Cs oe 6 ee 2 Eee Seek ee oe 1 UL Le Ps Ae eo 
eee a A At es ae te 2 COE a ae 
be Vee 2a By Dae eee eae ae 3 ieee 0 ee a 2 a 
Se ath = ae ies io 3 4 Le 2 Ae ee es 
TREN PRE Seay S Fear es 5 bs BE ea eek ee oe 
eee CE TS ST ae ee oe 6 oe. EU ae ee 
ae eae ee, "5 ee ee ae” 7 1 ee a a: 
pe We has” Peer 2, 2 Se 8 (Sse Ae ie ea ashe 2 
oe Cae ont Bt 4S Oe Pe 9 ee aan Vatee cae Gea) a ae 
ie ae, Sa y .a Peee s h 0 Ties eer ae ee AS a 
Ak ape chy ieee © a ae: a 1 HP idee SE asa eh 
cists is bo Hes ek ee 2 He gs Ee ae Fis es 
ee tage ites sed a ca a eh 3 Ho EES EO eat 
TY eel as phew Lee 4 He te Be 2 Ae Soa 
A He. Sk Clie. H. es 5 Poo eo Ee eee 
* hee ae eee ES hares oe 6 Hob HOH ASR ISIGO ‘etre 
Te ae Ca ae bee oe 7 Ho ie eee ee 
i we hen Pa ot 8 TWAT: gees Mere: ene a COW (4 eer ak 
“Wat es me A "A ae ee Oe eS 9 Fie Ae a eat gy ae cy Meee aes 
Vet ee ee H|H oH HA AN eS a a 


H = high level, L = low level, X = irrelevant H = high level, L = low level, X = irrelevant 
NOTES: A. Input conditions other than those shown produce NOTES: C. Input conditions other than those shown produce 
highs at outputs Y1 through Y5. highs at outputs Y6, Y7, and Y8. 
B. Outputs Y6, Y7, and Y8 are not used for BCD-to- D. Outputs Y1 through Y5 are not used for BCD 9’s or 
binary conversion. BCD 10’s complement conversion. 


TWhen these devices are used as complement converters, input E is 

used as a mode control. With this input low, the BCD 9's 
complement is generated; when it is high, the BCD 10’s comple- 
ment is generated. 
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(BITS) REQUIRED 


SN54185A and SN74185A binary-to-BCD converters 


The function performed by these 6-bit binary-to-BCD 
converters is analogous to the algorithm: 


a. Examine the three most significant bits. If 
the sum is greater than four, add three and 
shift left one bit. 

b. Examine each BCD decade. If the sum is 
greater than four, add three and shift left 
one bit. 

c. Repeat step b until the least-significant 
binary bit is in the least-significant BCD 
location. 


TABLE II 
SN54185A, SN74185A 


PACKAGE COUNT AND DELAY TIMES 
FOR BINARY-TO-BCD CONVERSION 


TOTAL DELAY TIME (ns) 


TYP MAX 


TEXAS ¥% 
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BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 


6-BIT CONVERTER 
6-BIT BINARY INPUT 


SN74185A_ 


YS Y4 


MSD 


¥3 -¥2.¥1 


LSD 


6-BIT BCD OUTPUT 


BINARY SELECT 
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FUNCTION TABLE 
INPUTS 
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~ OUTPUTS 
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SN54184, SN54185A, SN74184, SN74185A 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 


LAA SEER LP ETS LE SOBA ES ES MRE SER NS ARE SSSA TS BS ANS SSF PE OS RST ERTS TEESE LE EEL DE OAD ES RE TE OE 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


DEY VORAOE NV Ci Looe NOME P< er ee en hee ee Sled Po Seng ner at eh eee ins ea 7V 
Saseitat WONTMED AS ON ee a ee St ae ae See REA eet oc ees pee een a aor eee . 5.5V 
Operating free-air temperature range: SN54184,SN54185A .......2.2.2.2.2.24. —55°C to 125°C 

SNGS tt ONIATESA: 2 535 Bo Soo, a ok eee 
Stomae temperature range... See PS ee Pe ee eee Cee 


NOTE 1: Voltage values are with respect to network ground terminal. 


recommended operating conditions 


PARAMETER TEST CONDITIONSt MIN TYP: MAX] UNIT 


Vik Input clamp voltage Vcc = MIN, y= —12mA 


Vcc = MIN, Vip =2YV, 

VoL Low-level output voltage oh ‘gs 

Vit = 0.8V, lol = 12mA 
\y Input current at maximum input voltage Vcc = MAX, V,;=5.5V Serer: 
'tH = High-level input current Vcc = MAX Vij;=24V See ees 


V 

V 

V 

uA 

V 

mA 

; « uA 
He Low-level input current Vcc = MAX, V,;=04V 
lccH Supply current, all outputs high 

Vec = MAX mA 
lccL Supply current, all programmed outputs low 

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 

fan typical values are at Voc = 5 V, Ta = 25°C. 


—1.5 
99 


switching characteristics, Vcc =5 V, Ta = 25°C 


PARAMETER 
Cy = 30pF, 
Ry 7 = 300 2, 
tp_H Propagation delay time, low-to-high-level output from binary select Ri2= 600 22, 


tpH~_ Propagation delay time, high-to-low-level output from binary select See Figure 1 and Note 2 
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SN54184, SN54185A, SN74184, SN74185A 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 


schematics of inputs and outputs 


TYPICAL OF 
ALL OUTPUTS 


OUTPUT 


EQUIVALENT OF 
ALL INPUTS 


YCce 


6 kQ2 
NOM 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


FROM OUTPUT 
UNDER TEST 


Cy includes probe and jig capacitance. 


LOAD CIRCUIT 
FIGURE 1 


NOTE 2: See General Information Section for load circuits and voltage waveforms. 


on 
= 
<x 
cc 
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TYPICAL APPLICATION DATA 
SN54184, SN74184 


besa DcCeBA 
fun 


E=..27 L L A E--D. Cc: BA 

‘ Y5 Y4 Y3 Y2 Y1 7 Y4 = Y2 Y1 
‘ OPEN ae oe Se A 

b6 b5 b4 b3 b2 b1 bO 


BINARY 


FIGURE 2—BCD-TO-BINARY CONVERTER E"2 = _ ‘“ 
FOR TWO BCD DECADES | v5 Y4 Y3 Y2 Y1 
— DB." G~ BA 
MSD—most significant decade Y5 Y4 Y3 Y2 Y1 


LSD—least significant decade 
Each rectangle represents an SN54184 or SN74184 - 


j OPEN b9 b8 b7 b6 b5 b4 b3 b2 b1 bO, 


BINARY 


FIGURE 3—BCD-TO-BINARY CONVERTER 
FOR THREE BCD DECADES 
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SN54184, SN74184 
BCD-TO-BINARY CONVERTERS 


TYPICAL APPLICATION DATA 
SN54184, SN74184 


BCD 


MSD LSD 


D5 C5 B5 AS D4 C4 B4 A4 D3 C3 B3 A3 D2 C2 B2 A2 D1 C1 B1 A1 DO CO BO AO 


eed 


paren 
ae 6.8°::¢C: 8 A 
Y5 Y4 Y3 Y2 Y1 ee Y3 Y2 Y1 
OPEN ahd EDGR lA 
eB ‘gag Be a 
a iE aS Sees 
ma ‘a Y3 Y2 Y1 ie v4 =i Y2 Y1 - v4 oF Sees Y1 
ea eB | peers es ie a, 
Y5 Y4 Y3 Y2 Y1 fare rey Y1 ae oes 
a aee peers Peers 
7 or Y5 zi fener Y2 Y1 eee Y2 Y1 
aetna pores oes 
Bas! v1 Y5 fie fea cr v1 
Rages £ ee ee 
Y5 Y4 Y3 Y2 Y1 Pr Y3 Y2 Y1 = eel Y1 
ae E oe 
ee rT Y1 TI Y3 Y2 Y1 
Bae eae does 
Y5 Y4 Y3 Y2 Y1 ‘a Y4 a Y2 Y1 
E D a L A 
eee 


eeers 


Y5 Y¥4 Y3 oes win 


MSD—most significant decade 


eE 0 © ’@_A 
Y¥Y5 V4 ¥3 Y2 ¥1 
LSD-—least significant decade 


Each rectangle represents and SN54184 or SN74184. OPEN =e ae pia Bie nie i 3 a be ier 


BINARY 


FIGURE 4—BCD-TO-BINARY CONVERTER FOR SIX BCD DECADES 
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~ SN54185A, SN74185A 
BINARY-TO-BCD CONVERTERS 


a TYPICAL APPLICATION DATA 
ce SN54185A, SN74185A 
BINARY BINARY 
B6 B4 B3 B2 B1 BO B8 B7 BG B5 B4 B3 B2 BI BO° 

; 
E: 035-6 B-cA 
be 
ck Y6 Y5 Y4 Y3 Y2 Y1 
MSD LSD 
’ BCD 
ae FIGURE 5—6-BIT BINARY-TO-BCD 
Se CONVERTER 

BINARY 

= CONVERTER 

‘ E D eine BA 
= Eee Y5 Y4 Y3 mee Y1 aie 
“B11 B10 B9 B68 B7 BE BS5 B4 B3 B2 BI BO 
Bs 


Y¥5 
2 5 . Ig 


ce Y4 
FIGURE 6-8-BIT BINARY-TO-BCD as - 
“A CONVERTER 

-_ Y5 


amen cased hese > apeecerien acareshgaretn aces 
\ LSD 


F BCD 


FIGURE 8—12-BIT BINARY-TO-BCD 
CONVERTER (SEE NOTE B) 
MSD—Most significant decade 
LSD—Least significant decade 
NOTES: A. Each rectangle represents an SN54185A or an SN74185A. 


B. All unused E inputs are grounded. 
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SN54185A, SN74185A 
BINARY-T0-BCD CONVERTERS 


TYPICAL APPLICATION DATA 
SN54185A, SN74185A 


BINARY 


615. 814 813. Bt2..811.. B10. 69 —B8~ -B7": 86.. 85 —B4 863 B82 -B1: BO 


E Sees, Cc B A 


alles ‘ieee oe i 
ie B A 
fe ve ws 
alles: 


Y6... YS 


asi Y3 ge aes Y1 
allies V40°V3 iia ae Y1 eS VG. NSOCeON 2 -V 9b VS OVA OVS = V2. -¥4 


¥5:. Yao V3 as eae Y1 Bal ¥4...Y3> V2 


sak ey 


He oe Cc bad A 


VS) -cVS=2¥3°oY¥2" V4 


leerieayeere Srereryeerser’.rarinyeeeent Meer eet ee eit 
. MSD LSD , 


BCD 


FIGURE 9—16 BIT BINARY-TO-BCD 
CONVERTER (SEE NOTE B) 


” 
= 
< 
2 4 


MSD—most significant decade 

LSD—least significant decade 

NOTES: A. Each rectangle represents an SN54185A or SN74185A. 
B. A!l unused E inputs are grounded. 
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SN54LS189A, SN54LS219A, SN54LS289A, SN54LS319A 
SN74LS189A, SN74LS219A, SN74LS289A, SN74LS319A 
64-BIT RANDOM-ACCESS MEMORIES 


D2417, SEPTEMBER 1980—REVISED FEBRUARY 1985 


@ Organized as 16 Words of Four Bits SN54LS189A, SN54LS289A .. . J PACKAGE 
Each SN74LS189A, SN74LS289A . . . J OR N PACKAGE 
(TOP VIEW) 


@ Choice of Buffered 3-State or Open- 


Collector outputs AoT1 Ure] Vcc 
@ Choice of Noninverted or Inverted 
Outputs 
@ Typical Access Time... 50 ns 
description 


These monolithic TTL memories feature 
Schottky clamping for high performance and a 
fast chip-select access time to enhance decoding 
at the system level. A three-state output version 
and an open-collector-output version are offered 
for both of the logic choices. A three-state 
output offers the convenience of an open- 
collector output with the speed of a totem-pole 
output; it can be bus-connected to other similar 
outputs, yet it retains the fast rise time 
characteristic of the TTL totem-pole output. An 
open-collector output offers the capability of 
direct interface with a data line having a passive 


pull-up. 


SN54LS219A, SN54LS319A .. . J PACKAGE 
SN74LS219A, SN74LS319A .. . J OR N PACKAGE 


(TOP VIEW) 


write cycle 


Information to be stored in the memory is written into the selected address location when the chip-select 
(S) and the write-enable (R/W) inputs are low. While the write-enable input is low, the memory outputs. 
are off (three-state = Hi-Z, open-collector = high). When a number of outputs are bus-connected, this 
off state neither loads nor drives the data bus; however, it permits the bus line to be driven by other active 
outputs or a passive pull-up. 


read cycle 


Information stored in the memory (see function table for input/output phase relationship) is available at 
the outputs when the write-enable input is high and the chip-select input is low. When the chip-select 
input is high, the outputs will be off. 


Yn 
= 
= 
FUNCTION TABLE o 


INPUTS OUTPUTS 


FUNCTION — wee "LS189A *LS289A ‘LS219A | ‘LS319A 
SELECT | ENABLE 


eee ae 
of Data of Data 
Entered 


Entered Entered 


H = high level, L = low level, X = irrelevant, Z = high impedance 


j Copyright © 1980, Texas Instruments Incorporated 
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SN54LS189A, SN54LS219A, SN54LS289A, SN54LS319A 
SN74LS189A, SN74LS219A, SN74LS289A, SN74LS319A 
64-BIT RANDOM-ACCESS MEMORIES 


logic symbols 


‘LS189A ‘LS219A 


RAM 16 X 4 


RAM 16 X 4 


R/W 1 EN [READ] 
1C2 [WRITE] 
D1 Q1 
D2 Q2 
D3 Q3 
D4 Q4 


EQUIVALENT OF S EQUIVALENT OF TYPICAL OF ‘LS189A TYPICAL OF ‘LS289A 


AND W INPUTS D AND A INPUTS AND ‘LS219A OUTPUTS AND ‘LS319A OUTPUTS 


Vcc 


Ps) 

> 

s 
wo 


OUTPUT 


OUTPUT 


His 
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SN54LS1898, SNB4LS219A, SNE4LS289A, SN54LS319A 
SN74LS189A, SN74LS219A, SN74LS289A, SN74LS319A 
64-BIT RANDOM-ACCESS MEMORIES 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SHOOT WOM Bie Wr. (RO OCT 28) cho oat tsp ee ee ee eae eo a ee er es be oe ‘s*: 
FS ae” CR ree Gale pe ag eS a ec ne ca eg Pete eRe ae ar nen Se ee ee TY 
Ciif-state-outnet: voltage: ‘ES TSOA,. “LaZ IGA Ha eA rs Wen ns Wo de lee 5.5.V 
got NUN eS? er a Pe it) cin eap aan eme Bey ai oars tress. | 7V 

Operating free-air temperature range: SN54LS’ Circuits .................... —- 55°C to 125°C 
FSCS GNOMES ois Se ee RS 0°C-to:7095C 

PrLies UGITMEOTUNM TENG! Jo s. yai'S a ones ee oS ae Oa Pubes See oe —65°C to 150°C 


NOTE 1: Voltage values are with respect to network ground terminal. 


recommended operating conditions 


SN54LS189A, SN74LS189A, 
eee 9A ee ea 9A UNIT 
High-level output current, JOH amemeiness A meine 


Low-level output current, lo. 
Width of write pulse (write enable low), ty(wr) 
Address before write pulse, tgy(aqd) 


Setup time Data before end of write pulse, tsy(da) 


Chip-select before end of write pulse, tgy(S) 

Address after write pulse, th(aqd) 

Data after write pulse, th(da) 

Chip-select after write pulse, tps) 
Operating free-air temperature, Ta 


t! The arrow indicates the transition of the write-enable input used for reference: | for the low-to-high transition, | for the high-to-low transition. 
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SN54LS189A, SN541S219A, SN74LS189A, SN74LS219A 
64-BIT RANDOM-ACCESS MEMORIES 
WITH 3-STATE OUTPUTS 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER TEST CONDITIONST 


Vin owen motes [en ee Ot 
Vik Input clamp voltage Vcc = MIN, lt = -18mA 


Vec = MIN, Vip = 2V, 
VOH High-level output voltage 2.4 
Vit = Vitmax, low = MAX 


Vcc = MIN, 
VoL Low-level output voltage 
Vit = Vi_max 
' Off-state output current | Vcc = MAX, Vip = 2V, 
02H high-level voltage applied | Vii = Vi_max, Vo = 2. 
| 


Off-state output current, | Vcc = MAX, Vip = 2 V, 


Ozh low-level voltage applied | Vii = Vipmax, Vo = O. 


Veo = MAX, _Vj=0.4V 


Short-circuit output y MAX 30 
os current aes 
lcc Supply current _| Vec = MAX, See Note 2 35 60 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

tAll typical values are at Vcc = 5 V, Ta = 25°C. 

8Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 

NOTE 2: Icc is measured with the write-enable and chip-select inputs grounded, all other inputs at 4.5 V, and all outputs open. 


switching characteristics over recommended operating ranges of TA and VCC (unless otherwise noted) 


SN54LS189A SN74LS189A 
PARAMETER TEST CONDITIONS SN54LS219A SN74LS219A 
MIN TYP MAX | MIN TYP? MAX 


ta(ad) Access time from address 
; C, = 45 pF, 
ta(S) Access time from chip select (enable time) 


See Note 3 
tsR Sense recovery time 


, CL = 5 pF, 30 60 30 at 


tpxz Disable time from high or low level 
from R/W See Note 3 40 70 40 60 


tAll typical values are at Vor = 5°V. Tx = 285) 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN541S289A, SN54LS319A, SN74LS289A, SN74LS319A 
ae, 64-BIT RANDOM-ACCESS MEMORIES 
WITH OPEN-COLLECTOR OUTPUTS 


recommended operating conditions ra 


SN54LS289A, SN74LS289A, ti 
SN54LS319A SN74LS319A UNIT | 
Supply voltage, Vcc 4.5 5 5.5 | 4.75 5 5.25 | 


High-level output voltage, VOH 
Low-level output current, lo. 
Width of write pulse (write enable low), tw(wr 
Address before write pulse, tgy(aqd) 
Setup time Data before end of write pulse, tgy(da) 
Chip-select before end of write pulse, tsy(S) 
Address after write pulse, th(ad) 
Hold time Data after write pulse, th(qa) 
Chip-select after write pulse, this) Z 


Operating free-air temperature, Ta 
t!The arrow indicates the transition of the write-enable input used for reference: t for the low-to-high transition, | for the high-to-low transition. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


SN54LS289A SN74LS289A = 

PARAMETER TEST CONDITIONST SN54LS319A SN74LS319A UNIT : 
MIN TYP+ MAX | MIN TyYP* MAX - 

2 | 


Vi_ Low-level input voltage ‘ 


Vik Input clamp voltage Vec = MIN, 
Vec = MIN, . 
IOH High-level output current Soe 
Vit = Vitmax, : : 
Vcc = MIN, Vin = 2V, ze 
VoL Low-level output voltage EG - 3 
Vit = Vi_max 0. Pay 
Input current at Pe 

I Vcc = MAX, Vi =7V 

maximum input voltage ; 

lH = High-level input current Vcc = MAX 2.7 V “5 
IL i = 


a MEE ee 
| Low-level input current Vcc = MAX, Vj = 0.4 V 
Icc Supply current Vcc = MAX, See Note 2 


tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

+All typical values are at Vcc = 5 V, Ta = 25°C. ” 

SNot more than one output should be shorted at a time and duration of the short circuit should not exceed one second. => 

NOTE 2: Icc is measured with the write-enable and chip-select inputs grounded, all other inputs at 4.5 V, and all outputs open. <q 
& 


switching characteristics over recommended operating ranges of Ta and VCc (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


ta(ad) Access time from address 


Access time from chip select 
(enable time) Ci = 45 pF, Ri = 6672, 
tsR Sense recovery time See Note 3 


ta(S) 


Propagation delay time, from S$ 


tp_H low-to-high-level — 
output (disable time) from R/W 


+All typical values are at Vcc = 5 V, Ta = 25°. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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SN54S189B, SN54S289B, SN74S189B, SN74S289B 
64-BIT HIGH-PERFORMANCE 
RANDOM-ACCESS MEMORIES 


SEPTEMBER 1976—REVISED FEBRUARY 1984 


STATIC RANDOM-ACCESS MEMORIES 


@ Fully Decoded RAMs Organized as SN54S189B, SN54S289B . . . JOR W PACKAGE 
16 Words of Four Bits Each SN74S189B, SN74S289B . . . J OR N PACKAGE 
(TOP VIEW) 


@® Schottky-Clamped for High Speed: 
Read Cycle Time . . . 25 ns Typical 
Write Cycle Time . . . 25 ns Typical 


@ Choice of Three-State or Open-Collector 
Outputs 


Compatible with Most TTL and I@L Circuits 


Chip-Select Input Simplifies External 
Decoding 


description 


These 64-bit active-element memories are monolithic Schottky-clamped transistor-transistor logic (TTL) 
arrays organized as 16 words of four bits each. They are fully decoded and feature a chip-select input 
to simplify decoding required to achieve expanded system organization. The memories feature p-n-p input 
transistors that reduce the low-level input current requirement to a maximum of —0.25 milliamperes, only 
one-eighth that of a Series 54S/74S standard load factor. The chip-select circuitry is implemented with 
minimal delay times to compensate for added system decoding. 


write cycle 


The information applied at the data input is written into the selected location when the chip-select input 
and the write-enable input are low. While the write-enable input is low, the ‘S189B output is in the high- 
impedance state and the ‘S289B output is off. When a number of outputs are bus-connected, this high- 
impedance or off state will neither load nor drive the bus line, but it will allow the bus line to be driven 
by another active output or a passive pull-up. 


read cycle 


The stored information (complement of information applied at the data input during the write cycle) is 
available at the output when the write-enable input is high and the chip-select input is low. When the chip- 
select input is high, the ‘S189B output will be in the high-impedance state and the ‘S289B output will be off. 


FUNCTION TABLE 


FUNCTION INPUTS $189B ‘S289B 
CHIP SELECT WRITE ENABLE OUTPUT OUTPUT 
ff 


High Impedance 
ERE: SRE: Complement of Data Entered Complement of Data Entered 


H = high level, L = low level, X = irrelevant 


Inhibit 


Copyright © 1979, Texas Instruments Incorporated 
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— §N54S189B, SN54S289B, SN74S189B, SN74S289B 


64-BIT HIGH-PERFORMANCE 
RANDOM-ACCESS MEMORIES 


logic symbols 


‘S189B 


RAM 16 X 4 


1 EN [READ] 
1 C2 [WRITE] 


1 EN [READ] 
1C2 [WRITE] 


EQUIVALENT OF EACH INPUT 


Vcc 


Q1 
Q2 
Q3 
a4 


Q1 
Q2 
Q3 
Q4 


functional block diagram 


(15) 
i ADDRESS 1-OF-16 ee ee 
BUFFERS | _ |DECODERS MatADe 


16-X-4 


CHIP SELECT (S) write AND SENSE 


on AMPLIFIER CONTROL 
READ/WRITE (R/W) 


‘S189B OUTPUT ‘S289B OUTPUT 


58 2 NOM 
OUTPUT 
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SN54S189B, SN54S289B, SN74S189B, SN74S289B 
64-BIT HIGH-PERFORMANCE 
RANDOM-ACCESS MEMORIES 


ER EI PD EM ERE ET a IA ET EE DE RROD SS TE BORE SLES ELA LE BOSE TLE EE NE SE TS SSE TE SEAT TY I ER SST SP ER, 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


mL VOU GOR, Wirt? 1eGe eo Rs oan 1. ak gays gee a ay pecking et adh tg Was ee 7V 
EPRICE ANIMES NS 1S ole sk waters ha aes eS EE ae Te a ce eh ae Senet Ge SS, rang SRG lg ae AN lace Sty Ee 5 fo | 
trees OUreOCe tN. 2 Ly se peaaaty owt Ba tee 6. ao os! oR Gg Rak Sad Sd She pwnd Shar 5.5°¥ 
Operating free-air temperature range: SN54S’ Circuits....................: -55°C to 125°C 

ee GUS - pie, ye 5 wae (3) O°C to 7O%E 
sibreae VOTrMeratiie -CEnge she os Ste 5 Ogi on tate ik iad Frey Se sles SO es ~ 68 °C 'to. 180°C 


NOTE 1: Voltage values are with respect to network ground terminal. 


recommended operating conditions 


Supply voltage, Vcc 


High-level output voltage, Von S2896 BORO Nar METERS f 
MeMinck = Nose 
125 


Width of write pulse (write enable low), ty (wr) 


4.5 5 
Tas 
Setup time 

Hold time ns 
[Chip-select after write pulse, tS) ———SSCSCSC~iSSCSCSC~*d CC 


Operating free-air temperature, Ta 


t +The arrow indicates the transition of the write-enable input used for reference: t for the low-to-high transition, + for the high-to-low transition. 


n 
= 
<x 
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SN54S189B, SN54S$289B, SN74S189B, SN74S289B 


64-BIT HIGH-PERFORMANCE 
RANDOM-ACCESS MEMORIES 


electrical characteristics over recommended operating free-air temperature range 


(unless otherwise noted) 


ViH High-level input voltage 
V Input clamp voltage Vcc = MIN, 


= MIN, 
VoH_ High-level output voltage 


ViL = 0.8 V 
Vec = MIN, 


VoL Low-level output voltage 


Off-state output current, 


IOH High-level output current 
; Off-state output current, 
low-level voltage applied 


Short-circuit output 


IL 

IK 
02H high-level voltage applied 
OZL 
iL 

S Vcc 


current 8 


Supply current 


lec 


PARAMETER TEST CONDITIONSt 


| = —18mA 


ViH = 2V, 
Vit = 0.8 V, lot = 16 mA 
Vcc = MAX, Vip = 2 V, 
Vit =0.8V, VoH = 2.4 V 
Vcc = MAX, Vip = 2 V, 


Vit =O0.8V, Vo_ = 0.4 V 


Input c t at maximum 

input voltage 
l14. High-level input current Vcc = MAX, V; = 2.7 V 
| Low-level input current Vcc = MAX, V; = 0.5 V 


MAX 


2 
35 0.5 


| 
(e) 
Oo 


2.4 3 
0. 
— 30 


Vcc = MAX, See Note 2 75 110 


‘S189B 


MIN TYP* MAX | MIN TYP* MAX 
SE RDS oi 


SOMES 2 

Vcc Vin = 2 V, | SN54S’ 2.4 3.4 

Vit = 0.8 V, Ion = MAX] SN74S' 

Vcc = MIN, Vip = 2V,|Vo = 2.4 V 
0. = 3: 


‘S289B 


| 
al 
Nh 


0.35 


So 
on 


— 
oO} + 
oO; oO 


UNIT 
A] 
a 


NOTE 2: Icc is measured with the read/write and chip-select inputs grounded. All other inputs at 4.5 V, and the outputs open. 


‘S189B switching characteristics over recommended operating ranges of Ta and Vcc 
(unless otherwise noted) 


PARAMETER 


ta(ad) Access time from address 


Access time from chip select 


t 
a(S) (enable time) 


Sense recovery time 


SN54S189B 


TEST CONDITIONS 
MIN TYP? MAX 


25 50 


18 5 
UP 5 
2 @) 


Cy = 30 pF, 


See Note 3 


2 
tsR 4 
tPxZ — 


SN74S189B 
MIN TYP+ MA 
25 


w 


18 22 
22 35 
12 17 
12 25 


‘S289B switching characteristics over recommended operating ranges of Ta and Vcc 


(unless otherwise noted) 


ta(ad) Access time from address 


: Access time from chip-select 
a(S) (enable time) 


tsp’ Sense recovery time 


Propagation delay time, 


tpLH low-to-high-level 


output (disable time) 


SN54S289B 


PARAMETER TEST CONDITIONS 
MIN TYP MAX 


Ey ee ae 
Ri1. = 300 Q, 
Ri2 = 600 2, 
1 


5 
8 25 


SN74S289B 
MIN TYP? M 
25 

2 


Ay 


| 
oO 


co 


22 


2 


— 
N 
— 10 
NN] Oo 


12 25 


TFor conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions. 


FAll typical values are at Vcc = 5 V, Ta = 25°. 


8Duration of the short circuit should not exceed one second. 
NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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| SN74S201, SN74S301 
256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 


D2007, SEPTEMBER 1977—FEBRUARY 1984 


STATIC RANDOM-ACCESS MEMORIES 
@ Static Fully Decoded RAM’s Organized as SN74S201, SN74S301 .. . J OR N PACKAGE 
256 Words of One Bit Each (TOP VIEW) 
® Schottky-Clamped for High Performance 


Choice of Three-State or Open-Collector 
Outputs 


Compatible with Most TTL and IL Circuits 
Chip-Select Input Simplify External Decoding 


Typical Performance: 
Read Access Time... . 42 ns 
Power dissipation . . . 500 mW 


description 


These 256-bit active-element memories are monolithic transistor-transistor logic (TTL) arrays organized 
as 256 words of one bit. They are fully decoded and have three chip-select inputs to simplify decoding 
required to achieve expanded system organizations. 


write cycle 


The information applied at the data input is written into the selected location when the chip-select inputs 
and the write-enable input are low. While the write-enable input is low, the ‘S201 outputs are in the high- 
impedance state and the ‘S301 outputs are off. When a number of outputs are bus-connected, this high- 
impedance or off state will neither load nor drive the bus line, but it will allow the bus line to be driven 
by another active output or a passive pull-up. 


read cycle 


The stored information (complement of information applied at the data input during the write cycle) is 
available at the output when the write-enable input is high and the three chip-select inputs is low. When 
any one of the chip-select inputs are high, the ‘S201 outputs will be in the high-impedance state and the 
‘$301 outputs will be off. 


FUNCTION TABLE 


INPUTS 
FUNCTION | CHIP SELECT WRITE ENABLE Laiaee ‘S301 
3 Ww OUTPUT (Q) OUTPUT (G) 


Complement of Data Entered Complement of Data Entered 
high impedes OR 


H = high level, L = low level, X = irrelevant 


High Impedance 
Off 


For chip-select: L = all Si inputs low, H = one or more Si inputs high 


Copyright © 1979, Texas Instruments Incorporated 
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SN74S201, SN74S301 
256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 


logic symbols 


SN74S201 SN74S301 
RAM 256 X 1 RAM 256 X 1 


1 EN [READ] /W 1 EN [READ] 
1 C2 [WRITE] 1 C2 [WRITE] 


EQUIVALENT OF EACH INPUT ‘S201 OUTPUT ‘S301 OUTPUT 


Vcc 


58 2 NOM 
OUTPUT 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Genpiy voltea, Vor te6e Note tl 25 oe Gk on Sore Pee beers ole boar ea hee eee tee ais 7NV 
OD: ART etme SAREE, ory Aci SES SPR hake Oy Gg Rn Oe a rears res ee eer eS i Lo 5.o-¥ 
Serres LO SHRDU NOODO yo. 290 Ge ee ee no TER 2 Dee ee ee ee ee ee 55 
Onaratirig troé-aw cenperature range o.... . ee PEA OA Pee eee Mae OFC ta 76-C 
StOPnas TAO mee IGS 5. Se ee) ee as es ee ER ee ee —65°C to 150°C 
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256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES — 


$q 


it 


recommended operating conditions 


SN74S201 SN74S301 
[MIN NOM MAX | MIN NOM MAX |. 
4.75 5 3 


Supply voltage, Vccisee Note 1) 4.75 5 5.25 


High-level output voltage, Voy 


High-level output current, IoyH 


Low-level output current, Io. 
Width of write pulse (write enable low), tyw(wr) 


Address before write pulse, tgy(ad) 

Setup time Data before end of write pulse, tsu(qa) 
Chip-select before end of write pulse, tgy(S) 
Address after write pulse, th(ad) 
Data after write pulse, th(dga) 
Chip-select after write pulse, ty(S) 


Operating free-air temperature, Ta 


65t 
65t 


oO ToOrnre oO 
Of > 1 oa] > < 
| 
~ od 
oO é) 


+ +The arrow indicates the transition of the write-enable input used for reference: f for the low-to-high transition, | for the high-to-low transition. 
NOTE 1: Voltage values are with respect to network ground terminal. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise | 
noted) | 


PARAMETER TEST CONDITIONSt 


Vin_Highevel input votage [CS 
Vin_towlevelinput voltage fT 
Vik Input clamp voltage Vcc = MIN, lt = -18mA 


Pie Mictlavel cotput volage | ee 
| -level output vo e€ 
5 Ui ae of Tl Vit = 0.8V, Ion = MAX 


Vip = 2V. lot = 16mA 


| High-level output current SOC Sy NIB 
igh-level output curr 

ae : Vi_ = 0.8 V Vo = 5.5V 
Off-state output current, 

lOZH |. 
high-level voltage applied 


' Off-state output current, 
OzL low-level voltage applied 


nput current at maximum 
input voltage 
iH = High-level input current Vcc = MAX, Vj = 2.7 V 


Hie Low-level input current Vcc = MAX, Vj = 0.5 V 


MIN TYP*+ MAX 
2 


N 
ip 
| 
bh Py 
(@) Nh 
e 


Nh 


' Short-circuit output 
OS current 


Icc Supply current - Vcc 


TFor conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions. 
+All typical values are at Vcc = 5 V, Ta = 25°C. 

8Duration of the short circuit should not exceed one second. 

NOTE 2: Icc is measured with all chip-select inputs grounded, all other inputs at 4.5 V, and the output open. 


| | 
—_ = ND 
1 Oo oO 
oO; oy}o;oa 


Vcc = MAX - 30 
= MAX, See Note 2 100 
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SN74S201, SN74S301 
256-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 


‘$201 switching characteristics over recommended operating ranges of TA and Vcc 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP* MAX | UNIT 
ta(ad) Access time from address C, = 30 pF 42 65 | ns | 
tais) | Access time from chip select (select time) 13 30] ns | 

; See Note 3 
aoe aaa ee 


tpxz Disable time from high or low level — 9 20 
From R/W See Note 3 


‘S301 switching characteristics over recommended operating ranges of Ta and Vcc 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP*+ MAX | UNIT 


Propagation delay time, low-to-high-level 


tPLH : : —- 
output (disable time) From R/W 


All typical values are at Vcc = 5 V, Ta = 25°. 
NOTE 2: Load circuits and voltage waveforms are shown in Section 1. 


See Note 3 


t Access time from address 42 65 

a(ad) C. = 30 pF, be 

ta(S) Access time from chip enable (enable time) R 300 2 13 30 Pons | 
- wey ' 

SR recovery ti eR = 


0 
15 35 


TEXAS % 


INSTRUMENTS 


POST OFFICE BOX 225012 @© DALLAS, TEXAS 75265 


5-32 


Fast Multiplication of Two Binary Numbers 
8-Bit Product in 40 ns Typical 


Expandable for N-Bit-by-n-Bit Applications: 
16-Bit Product in 70 ns Typical 
32-Bit Product in 103 ns Typical 


Fully Compatible with Most TTL Circuits 


Diode-Clamped Inputs Simplify System 
Design 


description 


These high-speed TTL circuits are designed to be used 
in high-performance parallel multiplication applica- 
tions. When connected as shown in Figure A, these 
circuits perform the positive-logic multiplication of 
two 4-bit binary words. The eight-bit binary product 
is generated with typically only 40 nanoseconds 
delay. 


This basic four-by-four multiplier can be utilized as a 
fundamental building block for implementing larger 
multipliers. For example, the four-by-four building 
blocks can be connected as shown in Figure B to 
generate submultiple partial products. These results 
‘can then be summed in a Wallace tree, and, as 
illustrated, will produce a 16-bit product for the two 
eight-bit words typically in 70 nanoseconds. 
SN54H183/SN74H183  ~—carry-save adders and 
SN54S181/SN74S181 arithmetic logic units with the 
SN54S182/SN74S182 look-ahead generator are used 
to achieve this high performance. The scheme is 
expandable for implementing N xX M bit multipliers. 


The SN54284 and SN54285 are characterized for 
operation over the full military temperature range of 
—55°C to 125°C; the SN74284 and SN74285 are 
characterized for operation from O°C to 70°C. 


- §N54284, SN54285, SN74284, SN74285 
4-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS = 


logic symbols 
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SN54284, SN54285, SN74284, SN74285 
4-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS 


schematics 
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EQUIVALENT OF 
EACH INPUT 


OUTPUT 
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FIGURE A—4 X 4 MULTIPLIER 
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8-BIT INPUT 
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16-BIT PRODUCT 


aay 


FIGURE B—8 X 8 MULTIPLIER 


T Other terminals of the three SN54S181/SN74S181 ALU’s are connected as follows: S3 = H,S2=L,S1=L,SO=H, M=L. Output A = B is not 
used for this application. ; 
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SN54284, SN54285, SN74284, SN74285 
4-BIT BY 4-BIT PARALLEL BINARY MULTIPLIERS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


meety aeltage, Vive (see Mote ty. Ie eas | ve on oak BB ay Sea one oe, a ea 
Sipe, WON oe a rare fot Te Be Bs a Fay SBN Bee Whe ate a age Re eo ey ee a 
Operating free-air temperature range: SN54’ Circuits . . .........2.2....+.~.~ —55°C to 125°C 

Shree circuits |. ee 3 ee, A ee eR eke 
ene Tenineraiuieraume ©... a kd heelys se) Seah WEdse cc we UP ele (a en eee —65°C to 150°C 


NOTE 1: Voltage values are with respect to network ground terminal. 


recommended operating conditions 


< ESTSS Y SRTN SRS | 
Ripitsoel ouputvoligs Von; 
iominconatavehin st I 


V\ Input clamp voltage 


10H High-level output current 


VoL Low-level output voltage 


ly Input current at maximum input voltage Vcc = MAX, V,=5.5V 
14 ~=High-level input current Vcc = MAX, Vy=24V 
Ij, Low-level input current Vcc = MAX, Vi =0.4V 


SN54284, SN54285 
N package only 


Ta = 125°C, 
cc Supply current See Note 2 


Vcc = MAX, | SN54284, SN54285 
See Note2 | SN74284, SN74285 


TEor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device 


type. 
fan typical values are at Voc = 5 V, Ta = 25 C. 
NOTE 2: With outputs open and both enable inputs grounded, Icc is measured first by selecting an Output product which contains three or 


more high-level bits, then by selecting an output product which contains four low-level bits. 


switching characteristics, Vcc = 5 V, TA = 25°C 


TEST CONDITIONS MIN TYP MAX {UNIT 


Cy = 30 pF to GND, 

R31 = 300 2 to Vcc, 
Riu2 = 600 2 to GND, 
See Note 3 


PARAMETER 


tpH~L Propagation delay time, high-to-low-level output from word inputs 


NOTE 3: Load circuits and voltage waveforms are shown in Section 1. 
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TTL SN54S484A, SN54S485A, SN74S484A, SN74S485A 
LS BCD-T0-BINARY AND BINARY-TO-BCD CONVERTERS 
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SN54S484A, SN74S484A, BCD-TO-BINARY CONVERTERS 
SN54S485A, SN74S485A BINARY-TO-BCD CONVERTERS 


® Significant Savings in Package Count SN54S484A, SN54S485A . . . J PACKAGE 
Compared with SN54184, SN54185A, SN54S484A, SN54S485A . .. J OR N PACKAGE 
SN74184, or SN74185A (Over Half in (TOP VIEW) 
Many Applications) E(]1 U20] vec 


@ Three-State Outputs 
INPUTS 


Vneurs 


: ENABLES 


OUTPUTS 


description 


These monolithic converters are derived from the 

TBP28L22 factory-programmed read-only 

memories. Both of these converters comprehend OUTPUTS 
that the least-significant bits (LSB) of the binary 

and BCD are logically equal, and in each case, 

the LSB bypasses the converter as shown in the 

typical applications. This means that a nine-bit 

converter is produced in each case. The devices 

are cascadable to N bits. 


The three-state outputs offer the convenience 
of open-collector outputs with the speed of 
totem-pole outputs: they can be bus-connected 
to other similar outputs yet they retain the fast 
rise-time characteristic of totem-pole outputs. A 
high logic level at either enable (G) input causes ~ 
the outputs to be in high-impedance state. 


In many applications these converters can, by 
including 3 more bits than the SN54184/ 
SN74184 or SN54185A/SN74185A, reduce 
power consumption significantly and package 
count by more than half as shown in the tables 
below. . 


logic symbols 


”n 
SN54S484A SN54S485A => 
SN74S484A SN74S485A = 
¥ BCD/BIN BIN/BCD fea 
G1 as 
62 oh 
G2 
A 
a >318Va 
A 
C B 2a V Y1 
re Pe ER 
E nf ou 
z tt 10a V Y4 
i F 64 20a 7 Y5 
‘ G 128 40a V7 Y6 
4 256 80a V7 Y7 
160a 7 Y8 
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SN54S484A, SN54S485A, SN74S484A, SN74S485A 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 


TYPICAL 


SN54S484A/SN74S484A vs SN54184/SN74184 
ACCESS TIME 
CURRENT @ Ta = 25°C 


PACKAGE 
COUNT 
(A) (ns) 


DECADES 
| [ssean [ee | "easen | ea | “easan [764 


MAXIMUM 
SUPPLY 


OMAN OM FW 


SN54S485A/SN74S485A vs SN54185A/SN74185A 


MAXIMUM TYPICAL 
BINARY PACKAGE SUPPLY ACCESS TIME 
BITS COUNT CURRENT @ Ta = 25°C 
(A) (ns) 


saan [rasa | “aesa | "asa | “eaea [166A | 
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16 16 
24 19 

32 
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SN54S484A, SN54S485A, SN74S484A, SN74S485A 


BCD-TO-BINARY AND BINARY-T0-BCD CONVERTERS 


SN54S485A, SN74S485A 
BINARY-TO-BCD CONVERTER 


SN54S484A, SN74S484A 
BCD-TO-BINARY CONVERTER 


FUNCTION TABLE 


FUNCTION TABLE 


INPUTS OUTPUTS INPUTS OUTPUTS 
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SN54S485/SN74S485 
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BCD OUTPUT 
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BINARY OUTPUT 
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1H igh- 
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OH igh- 

OL r 

Off-state output current 
Vv = MAX, Vin = 2 NV, Vo = 2.4 V 
| (02H high-level voltage applied ce IH O Poe eee 

OZL hi 
| 

H igh- 
IL : 

$ 
CC 


| SN54S484A, SN54S485A, SN74S484A, SN74S485A 


BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 


DOSNT SS LENE NA ADDON IS PITRE YG BTR BREN AALS ADGA BB SS BT IL ARRIETA RN IR VIR TSAR EIS, 
absolute maximum ratings over operating free-air temperature (unless otherwise noted) 


supply wategG, Vow teee- Note -1) 695 6 ei i 25S he ees orgie ee vie epee 1 7V 
RGEUEE OI NIEIE or 3 95 REE Fel aie ces stat a Sob wees Ow ee nS 6 daly s Rees) eee REA 20. 
CPOrr etme CLUUT VENER. «52.2. 5 outlet ae imap, © 28 Le ety EE Sh ence > Ss Oe Wap Rr ee cee 5.5.V 
Operating free-air temperature range: SN54S484A, SN54S485A ............. ~ 65°C to 125°C 

SN74S484A, SN74S485A ................ G°C 16:70 26 
mrOraue teinperatiire (ange =. 2. y9tt Sale oe Rs SS Pe) ak ea te es -—65°C to 150°C 


recommended operating conditions 


SN74S' 
[MIN NOM MAX | ~~ 


MIN NOM MAX 


< 


Supply voltage, Vcc 
High-level output current, |oH 


Cow-level output current, Tou 


Operating free-air temperature 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


PARAMETER MIN TYP? MAX 
High-level input voltage 2 


V 
V Low-level input voltage 
V Input clamp voltage 
V High-level output voltage 
Vv 


V = MIN, Vip = 2V, Vit = 0.8 V 
Low-level output voitage ce 1H IL 
lol = MAX 


Off-state output current, ; 
Vcc = MAX, ViH = 2 V, Vo = 0.5 V - 50 A 
low-level voltage applied 


HH 
al 
ol 
< 
pa 


Input Current at maximum 
: Vcc = MAX, Vi 
input voltage 
lj High-level input current Vcc = MAX, V\ 
| Low-level input current Vcc = MAX, V| 
lo Short-circuit output current Vcc = MAX, - 30 - 100 
| Supply current : 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


hier ie fh a Ere ee 
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ah = BE a ee Ae ae ¥ sil ee Lehe ket 
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Vcc = MAX, See Note 2 75 ,-100 


= 
= 
4 


>) 
°o 


ta(A) Access time from address 


Cy, = 30 pF,See Note 3 
tpxz Output disable time Ci = 5 pF, See Note 3 15 35 15 


TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating condtions. 


w 
12) 


Ww 
oO 


F All typical values are at Vcc = 5 V, Ta = 25°. 
SNot more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
NOTES: 1. Voltage values are with respect to network ground terminal. 


2. With outputs open and enable (G) inputs grounded, Icc is measured first by selecting a word that contains the maximum 


number of high-level outputs, then by selecting a word that contains the maximum number of low-level inputs. 
3. Load circuits and voltage waveforms are shown in Section 1. 
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SN54S484A, SN54S485A, SN74S484A, SN74S485A 
BCD-T0-BINARY AND BINARY-T0-BCD CONVERTERS 


schematics of inputs and outputs 


PACKAGES 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 


Vcc 
130 2 NOM 
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TYPICAL APPLICATION DATA 
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SN54S484A, SN74S484A 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 


TYPICAL APPLICATION DATA 
SN54S484A, SN74S484A 
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SN54S484A, SN74S484A 
BCD-TO-BINARY AND BINARY-T0-BCD CONVERTERS 


TYPICAL 


APPLICATION DATA 


SN54S484A, SN74S484A 
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SN54S484A, SN54S485A, SN74S484A, SN74S485A 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 


TYPICAL APPLICATION DATA 
SN54S484A, SN74S484A 
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*SN54184A/SN74184A can be used. 
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TYPICAL APPLICATION DATA 
SN54S485A, SN74S485A 
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SN54S485A, SN74S485A 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 
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9-BIT-BINARY-TO-BCD 
CONVERTER 


12-BIT-BINARY-TO-BCD 
CONVERTER 


*SN54185A/SN74185A can be used. 
K = 103, M = 106 


TYPICAL APPLICATION DATA 
SN54S485A, SN74S485A 


10-BIT-BINARY-TO-BCD 11-BIT-BINARY-TO-BCD 
CONVERTER CONVERTER 
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CONVERTER 
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SN54S485A, SN74S485A 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 


TYPICAL APPLICATION DATA 
SN54S485A, SN74S485A 


14-BIT-BINARY-TO-BCD 
CONVERTER 
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16-BIT-BINARY-TO-BCD 
CONVERTER 


*SN54185A/SN74185A can be used. 
K = 103, M = 106 
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15-BIT-BINARY-TO-BCD 
CONVERTER 
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17-BIT-BINARY-TO-BCD 
CONVERTER 
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SN54S485A, SN74S485A 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 


TYPICAL APPLICATION DATA 
SN54S485A, SN74S485A 
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SN54S485A, SN74S485A 
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS 


TYPICAL APPLICATION DATA 
SN54S485A, SN74S485A 
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21-BIT-BINARY-TO-BCD CONVERTER 
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22-BiIT-BINARY-TO-BCD CONVERTER 


*SN54185A/SN74185A can be used. 
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IMPORTANT NOTICE 


Texas Instruments (TI) reserves the right to make changes in the 
devices or the device specifications identified in this publication 
without notice. Tl advises its customers to obtain the latest version 
of device specifications to verify, before placing orders, that the 
information being relied upon by the customer is current. 


Tl warrants performance of its semiconductor products, including SNJ 
and SMJ devices, to current specifications in accordance with Tl’s 
standard warranty. Testing and other quality control techniques are 
utilized to the extent Tl deems such testing necessary to support this 
warranty. Unless mandated by government requirements, specific 
testing of all parameters of each device is not necessarily performed. 


In the absence of written agreement to the contrary, Tl assumes no 
liability for Tl applications assistance, customer's product design, or 
infringement of patents or copyrights of third parties by or arising from 
use of semiconductor devices described herein. Nor does TI warrant 
or represent that any license, either express or implied, is granted 
under any patent right, copyright, or other intellectual property right 
of TI covering or relating to any combination, machine, or process in 
which such semiconductor devices might be or are used. 


Copyright © 1984, Texas Instruments Incorporated 
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INTRODUCTION 


The purpose of this application report is to provide the 
first time user of field-programmable logic with a basic 
understanding of this new and powerful technology. The 
term “Field-Programmable Logic” refers to any device 
supplied with an uncommitted logic array, which the user 
programs to his own specific function. The most common, 
and widely known field-programmable logic family is the 
PROM, or Programmable Read-Only Memory. Relatively 
new entries into this expanding family of devices are the 
PAL® and FPLA. This report will primarily: concentrate 
on the PAL family of programmable logic. 


FIELD-PROGRAMMABLE LOGIC ADVANTAGES 


Field-programmable logic offers many advantages to 
the system designer who presently is using several 
standard catalog SSI and MSI functions. Listed below are 
just a few of the benefits which are achievable when using 
programmable logic. 

1. Package Count Reduction: typically, 3 to 6 
MSI/SSI functions can be replaced with one 
PAL or FPLA. 

2. PC Board Area Reduced: Fewer devices 
consume less PC board space. This results in 
lower PC board cost. 

3. Circuit Flexibility: Programmability allows for 
minor circuit changes without changing PC 


boards. 
4. Improved Reliability: With fewer PC 
interconnects, overall system reliability 
increases. 


5. Shorter Design Cycle: When compared with 
standard-cell or gate-array approaches, 
custom functions can be implemented much 
more quickly. 

The PAL and FPLA, will fill the gap between 
standard logic and large scale integration. The versatility 
of these devices provide a very powerful tool for the 
system designer. 


PAL AND FPLA SYMBOLOGY 


In order to keep PAL and FPLA logic easy to 
understand and use, a special convention has— been 
adopted. Figure 1 is the representation for a 3-input AND 
gate. Note that only one line is shown as the input to the 
AND gate. This line is commonly refered to as the 
product line. The inputs are shown as vertical lines, and at 
the intersection of these lines are the programmable fuses. 


®PAL is a Registered Trademark of Monolithic Memories Inc. 


An X represents an intact fuse. This makes that input, 
part of the product term. No X represents a blown fuse. 
This means that input will not be part of the product term 
(in Figure 1, input B is not part of the product term). A 
dot at the intersection of any line represents a hard wire 
connection. 


INPUT TERMS 
ABC 


PRODUCT 


LINE OUTPUT 


F = AC 


Figure 1. Basic Symbology 


In Figure 2, we will extend the symbology to develop 
a simple 2-input programmable AND array feeding an OR 
gate. Notice that buffers have been added to the inputs, 
which provide both true and complement outputs to the 
product lines. The intersection of the input terms form a 
4x3 programmable AND array. From the above 
symbology, we can see that the output of the OR gate is 
programmed to the following equation, AB+ AB. Note 
that the bottom AND gate has an X marked inside the 
gate symbol. This means that all fuses are left intact, which 
results in that product line not having any effect on the 


sum term. In other words, the output of the AND gate will 


be a logic 0. When all the fuses are blown on a product line, 
the output of the AND gate will always be a logic 1. This has 
the effect of locking up the output of the OR gate to a logic 
level 1. 


INPUT TERMS 


PRODUCT TERMS 


PRODUCT 
LINES SUM 
OF PRODUCTS 
OUTPUT 
F =AB+AB 


Figure 2. Basic Symbology Example 
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FAMILY ARCHITECTURES 


As stated before, the PROM was the first widely 
used programmable logic family. Its basic architecture is 
an input decoder configured from AND gates, combined 
with a programmable OR matrix on the outputs. As 
shown in Figure 3, this allows every output to be 
programmed individually from every possible input 
combination. In this example, a PROM with 4 inputs has 
24, or 16 possible input combinations. With the output 
word width being 4 bits, each of the 16 x 4 bit words can be 


16 WORDS X 4BiITS 


“OR” ARRAY 
(PROGRAMMABLE) 
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Figure 3. PROM Architecture 
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programmed individually. Applications such as data 
storage tables, character generators, and code converters, 
are just a few design examples which are ideally suited for 
the PROM. In general, any application which requires 
every input combination to be programmable, is a good 
candidate for a PROM. However, PROMs have difficulty 
accommodating large numbers of input variables. 
Eventually, the size of the fuse matrix will become 
prohibitive because for each input variable added, the size 
of the fuse matrix doubles. Currently, manufacturers are 
not producing PROMs with over 13 inputs. 
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Figure 4. PAL Architecture 
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To overcome the limitation of a restricted number of 
inputs, the PAL utilizes a slightly different architecture as 
shown in Figure 4. The same AND-OR implementation is 
used as with PROMs, but now the input AND array is 
programmable instead of the output OR array. This has 
the effect of restricting the output OR array to a fixed 
number of input AND terms. The trade-off is that now, 
every output is not programmable from every input 
combination, but more inputs can be added without 
doubling the size of the fuse matrix. For example, If we 
were to expand the inputs on the PAL shown in Figure 4, 
to 10, and on the PROM in Figure 3, to 10. We would see 
that the fuse matrix required for the PAL would be 20 x 16 
(320 fuses) vs 4x 1024 (4096 fuses for the PROM). It is 
important to realize that not every application requires 
every output be programmable from every input 
combination. This is what makes the PAL a viable product 
family. 

The FPLA goes one step further in offering both a 
_ programmable AND array, and a programmable OR 
array (Figure 5). This feature makes the FPLA the most 


“OR” ARRAY 
(PROGRAMMABLE) 


“AND” ARRAY 
(PROGRAMMABLE) 


F igure 5. FPLA Architecture 
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versatile device of the three, but usually impractical in 
most low complexity applications. 

All” three field-programmable logic approaches 
discussed have their own unique advantages and 
limitations. The best choice depends on the complexity of 
the function being implemented and the current cost of 
the devices themselves. It is important to realize, that a 
circuit solution may exist from more than one of these 
logic families. 


PAL OPTIONS 


Figure 6 shows the logic diagram of the popular 
TIBPALI6L8. Its basic architecture is the same as 
discussed in the previous section, but with the addition of 
some special circuit features. First notice that the PAL has 
10 simple inputs. In addition, 6 of the outputs operate as 
1/O ports. This allows feedback into the AND array. One 
AND gate in each product term controls each 3-state 
output. The architecture used in this PAL makes it very 
useful in generating all sorts of combinational logic. 

Another important feature about the logic diagram, 
and all other block diagrams supplied from individual 
datasheets, are that there are no X’s marked at every fuse 
location. From the previous convention, we stated that 
everywhere there was a intact fuse, there was an X. 
However, in order to make the logic diagram useful when 
generating specific functions, it is supplied with no X°%., 
This allows the user to insert.the X’s wherever an intact 
fuse is desired. 

The basic concept of the TIBPALI6L8 can be 
expanded further to include D-type flip-flops on the 
outputs. An example of this is shown in Figure 7 with the 
TIBPALI6R8. This added feature allows the device to be 
configured as a counter, simple storage register, or similar 
clocked function. 

Circuit variations which are available on other 
members of the TI PAL and FPLA family are explained 
below. 


Polarity Fuse 
The polarity of the output can be selected via the 
fuse shown in Figure 8. 


Input Registers 

On PALs equipped with this special feature, the 
option of having D-type input registers is fuse 
programmable. Figure 9 shows an example of this type of 
input. If the fuse is left intact, data enters on a low-high 
transition of the clock. If the fuse is blown, the register 
becomes permanently transparent and is equivalent to a 
normal input buffer. 


Input Latches 
On PALs equipped with this special feature, the 
option of having input latches is fuse programmable. 
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Figure 6. TIBPALI6L8 Logic Diagram 
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INTACT: OUTPUT = PO + P1 +... + Pn 
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Figure 8. Polarity Selection 


Figure 10 shows an example of this type of input. If the 
fuse is left intact, data enters while the control input is 


high. When the control input is low, the data that was 


present when the control input went low will be saved. If 


the fuse is blown, the latch becomes permanently 


transparent, and is equivalent to a normal input buffer. 
PROGRAMMING 


Notice in Figure 7, that the product and input lines 
are numbered. This allows any specific fuse to be located 
anywhere in the fuse matrix. When the device is in the 
programming mode (as defined in the device data sheet), 
the individual product and input lines can be selected. The 
fuse at the intersection of these lines, can then be blown 
(programmed) with the defined programming pulse. 
Fortunately, the user seldom has to get involved with these 
actual details of programming, because there exist several 
commercially available programmers which handle this 


a 
ag ly eas 
Ae ttn eo 
ow a pan rae pe 
b | 


ee ee 


function. Listed below are some of the manufacturers of 
this programming equipment. * 


Citel Storey Systems 
DATA I/O Structured Design 
Digelec Sunrise Electronics 
Kontron Valley Data Science 
Wavetec Varix 


Stag Micro Systems 


At Texas Instruments, we have coordinated with 


DATA I/O using their Model 19 for device 
characterization. Currently, DATA I/O, Sunrise, and 
Structured Design have been certified by Texas 
Instruments. Other programmers are now in_ the 
certification process. For a current list of certified 
programmers, please contact your local TI sales 
representative. 


It should now be obvious to the reader, that the 
actual blowing of the fuses is not a problem. Instead, the 
real question is what fuses need to be blown to generate a 
particular function. Fortunately, this problem has also 
been greatly simplified by recent advances in computer 
software. 

DATA I/O has developed a software package called 
ABEL™. Also available is CUPL", from Assisted 
Technology. Both have been designed to be compatible 
with several different types of programmers. Both of these 
software packages greatly extend the capabilities of the 
original PALASM™ program, and both can be run on 
most professional computers. 

Before proceeding to a design example, it would be 
instructive to look at the simplified process flow of a PAL 
(Figure 11). This should help give the reader a better 
understanding of the basic steps necessary to generate a 
working device. 


DESIGN EXAMPLE 


The easiest way to demonstrate the unique 
capabilities of the PAL is through a design example. It is 


REGISTER FUSE INTACT 


MO (INTACT) 
M1 (BLOWN) 


D-TYPE REGISTER 
FUNCTION TABLE 


Qo = THE STATE OF O BEFORE CLOCK t 


Figure 9. Input Register Selection 


ABEL™ is a trademark of DATA I/O. 
CUPL" is a trademark of Assisted Technology, Inc. 
PALASM™ is a trademark of Monolithic Memories Inc. 
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LATCH FUSE INTACT 


MO (INTACT) 
M1 (BLOWN) 


TRANSPARENT LATCH 
FUNCTION TABLE 


Qo = THE LEVEL OF QO BEFORE ENABLE j 


Figure 10. Input Latch Selection 


DEFINE 
APPLICATION 


GENERATE 
LOGIC EQUATIONS 
SELECT APPROPRIATE 
PAL 
CONSTRUCT 
FUSE MAP 


PROGRAM 


WORKING 
DEVICE 


Figure 11. PAL Process Flow Diagram 


hoped that through this example the reader will gain the 
basic understanding needed when applying the PAL in his 
own application. In some cases, this goal may only be to 
reduce existing logic, but the overall approach will be the 
same. 


EXAMPLE REQUIREMENTS 


It is desired to generate a 4-bit binary counter which 
is fed by one of four clocks. There are two lines available 
for selecting the clocks, SEL1 and SELO. Table 1 shows the 
required input for the selection of the clocks. In addition, 
it is desired that the counter be able to switch from binary 
to decade count. This feature is controlled by an input 
called BD. When BD is high, the counter should count in 
binary. When low, the counter should count in decade. 

Figure 12 shows how this example could be 
implemented if standard data book functions were used. 


Table 1. Clock Selection 


SEL1 SELO | OUTPUT 


As can be seen, three MSI functions are required. The 
"LS162 is used to generate the 4-bit counter while the clock 
selection is handled by the ’LS253. The "LS688 is an 8-bit 
comparator which is used for selecting either the binary or 
decade count. In this example, only five of the eight 
comparator inputs are used. Four are used for comparing 
the counter outputs, while the other is used for the BD 
input. The comparator is hard-wired to go low whenever 
the BD input is low and the counter output is “9”. The 
P=Q output is then fed back to the synchronous clear 
input on the *LS162. This will reset the counter to zero 
whenever this condition occurs. 


PAL IMPLEMENTATION 


As stated before, the problem in programming a 
PAL is not in blowing the fuses, but rather what fuses need 
to be blown to generate a particular function. Fortunately, 
this problem has been greatly simplified by computer 
software, but before we examine these techniques, it is 
beneficial to explore the methods used in generating the 
logic equations. This will help develop an understanding, 
and appreciation for these advanced software packages. 

From digital logic theory, we know that most any 
type of logic can be implemented in either AND-OR- 
INVERT or AND-NOR form. This is the basic concept 
used in the PAL and FPLA. This allows classical 
techniques, such as Karnaugh Maps! to be used in 
generating specific logic functions. As with the separate 
component example above, it is easier to break it into 
separate functions. The first one that we will look at is the 
clock selector, but remember that the overall goal will be 
to reduce this design example into one PAL. 
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Figure 12. Counter Implementation With Standard Logic 


PAL SELECTION 


Before proceeding with the design for the clock 
selector, the first question which needs to be addressed is 
which PAL to use. As discussed earlier, there are several 
different types of output. architectures. Looking at our 
example, we can see that four flip-flops with feedback will 
be required in the 4-bit counter, plus input clock and clear 
lines. In addition, seven inputs plus two simple outputs 
will be required in the clock selector and comparator. With 
this information in hand, we can see that the TIBPALI6R4 
(Figure 13) will handle our application. 


CLOCK SELECTOR DETAILS 


The first step in determining the logic equation for 
the clock selector is to generate a function table with all 
the possible input combinations. This is shown in Table 2. 
From this table, the Karnaugh map can be generated and 
is shown in Figure 14. The minimized equation for 
CLKOUT comes directly from this. 


Table 2. Function Table 


SEL1 SELO CLKA CLKB CLKC CLKD CLKOUT 
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It is important to notice that the equation derived 
from the Karnaugh map Is stated in AND-OR notation. 
The PAL that we have selected is implemented in AND- 
NOR logic. This means we either have to do DeMorgan’s 
theorem on the equation, or solve the inverse of the 
Karnaugh map. Figure 15 shows the inverse of the 
Karnaugh map and the resulting equation. This equation 
can be easily implemented in the TIBPALI6R4. 


so 


$0,A,B 


CLKOUT = SiSOAKEH + SisokBth + siSOARCH + sisokRED 
CLKOUT = S1S0A + S1S0B + S1S0C + S1SOD 


Figure 14. Karnaugh Map for CLKOUT 


$0,A,B 


$1,C,D 


$1 


CLKOUT = SiSOAWLH + SisokB¢d + sisok¥ch + sisok¥da 
CLKOUT = $1S0A + S1SOB + $1S0C + $1SO0D 
Figure 15. Karnaugh Map for CLKOUT 
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4-BIT BINARY COUNTER DETAILS 


The same basic procedure used in determining the 
equations for the clock selector, is used in determining the 
equations for the 4-bit counter. The only difference is that 
now we are dealing with a present state, next state 
situation. This means a D-type flip-flop will be required in 
actual circuit implementation. As before, the truth table is 
generated first, and is shown in Table 3. 


Table 3. Truth Table 


PRESENT STATE NEXT STATE 
Q3 Q2 Qi QO Q3 Q2 Q1 QO : 
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From the truth table, the equations for each output 
can be derived from the Karnaugh map. This is shown in 
Figure 16. Note that the inverse of the truth table is being 
solved so that the equation will come out in AND-NOR 
logic form. | 


BINARY/DECADE COUNT DETAILS 


Recalling from the example requirements that the 
counter should count in decade whenever the BD input ts 
low, we can again generate a truth table for this function 
(Table 4). Since the counter is already designed to count in 
binary, we can use this feature to simplify our design. — 
What we desire is a circuit whose output goes low, 
whenever the BD input is equal to a logic level “0”, and 
the counter output is equal to “9”. This output can then be 
fed back to the CLR input of the counter so that it will 
reset whenever the BD input is low. Whenever the BD 
input is high, the output of the circuit should be a high 
since the counter will automatically count in binary. Notice 
that O shown in the truth table is the function we desire. 
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Oo = CLReSeZese¢e + CERASA2E400 O2 = CLR@8@284@@ + CER@80201@8 + C+R@8020100 
pee Bede + GER@8028400 
0=CLR + Q0 G2 = CLR + G2071 + Q20100 + G200 
(a) KARNAUGH MAP FOR QO (c) KARNAUGH MAP FOR Q2 
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(b) KARNAUGH MAP FOR QI (d) KARNAUGH MAP FOR Q3 


Figure 16. Karnaugh Maps 


In this particular example, a Karnaugh map is not FUSE MAP DETAILS 
required because the equation cannot be further 
simplified. The resulting equation is given below. Now that the logic equations have been defined, the a 
next step will be to specify which fuses need to be blown. (© 
BD OUT =BDQ302Q100 Before we do this however, we first need to label the input o 
and output pins on the TIBPALI6R4. By using Figure 12. (O 
Table 4. Truth Table as a guide, we can make the following pin assignments in “© 
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Figure 17. Programmed TIBPALI16R4 


a 


It is now probably obvious to the reader, that 
inserting the logic equations into the logic diagram is a 
tedious operation. Fortunately, a computer program 
called PALASM will perform this task automatically. All 
that is required is telling the program which device has 
been selected, and defining the input and output pins with 


NEVICE TYPE 16R4 


PIN LIST NAMES = 


PIN NUMBER = 1 PIN NAME = CLK 
PIN NUMBER = @ PIN NAME = SELO 
FIN NUMBER = & PIN NAME = SEL 
PIN NUMBER = 4 PIN NAME = CLEA 
FIN NUMBER = 5S PIN NAME = CLERB 
PIN NUMBER = 4 PIN NAME = CLEC 
PIN NUMBER = 7 FIN NAME = CLE 
PIN NUMBER = & FIN NAME = CLR 
PIN NUMBER = 9 FIN NAME = BD 
PIN NUMBER = 10 PIN NAME = GNIS 
FIN NUMBER = 11 PIN NAME = /OE 
PIN NUMBER = 12 PIN NAME = BOCWT 
FIN NUMBER = 13 FIN NAME = -NID 
PIN NUMBER = 14 PIN NAME = G3 
FIN NUMBER = 15 PIN NAME = (iz 
FIN NUMBER = 14 - PIN NAME = (11 
PIN NUMBER = 17 FIN NAME = tO 
PIN NUMBER = 18 PIN NAME = NC 
PIN NUMBER = 19 FIN NAME = CLEQUT 
PIN NUMBER = 20 PIN NAME = VCC 


EXPRESSTONS AND DESCRIPTION = 
EXPRESSIONE 1] = 


their appropriate logic equations (Figure 18). The program 
will then generate a fuse map (Figure 19) for the device 
selected. Notice that the fuse map looks very similar to the 
block diagram (Figure 17) which we have just completed 
by hand. In addition, this information can now be down 
loaded into the selected device programmer. 


/CLEOUT=/SELIS/SELO#/CLEA +/SELLESELO#/CLER +5EL1#/SELOe#/CLEC +5 ELI eSELOe/ OLED 


iH 


EXPRESSION( 23 
/QOS/TLR +O 


EXPRESSIQNE 3] = 
4W1=/CLR +/01#/700 +11#00 


EXPRESSIONC 4] = 
/H2=/CLR +/H2H/H1 +O 2H ROO +/ tek JO 


EXPRESSIONC 3] 


/W3=/CLR +/0R#/O2 +/1 3/01 |+/ 3/00 +0 2k eR ROO 


EXPRESSIONCG 6] = 
-/BRNOUT=/ BO ae / Se 71 FOO 


Figure 18. Pin ID and Logic Equations 
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XXXX XXXX XXXKX XXX XXKK XXKK XXKK XKKK BF — 
XXXX XXXX XXXX XXXX XXXK XXXX XXXK XXKKX BH - 
XXXX XXXX XXX XXX XKXXX XXKK XXKX XKXXK BH - 
XXXX XXXX XXXX XXXKX XKXXX XXX XXKXX XXXK BO - 
| XXXX XXXX XXXX XXXK XXKK XXXK XXX XXKK BL = 
/ tz = 
mann ane eee ene se nn HX == 32 - /CLRY 
m--- ---- ---- --- X SHeR ae-— sn -- oe Fe ~' /0Z8/01+ 
weehn cee eocmctne cae See oF eet ee meena mone R/S OOS 
wee w= X mee ee ams Sen sees Se i /OZ8 700 
XXXX XXXX XXXX XXXKX XXXKX XXKXX XXKXX XXXK BH 
XXXX XXXK XXXK XXXK XKXX XXXK XKKXKX XXXK BF - 
= XXXX XXXX XXXX XXKXKX XKXKX XXXK XXKX XXKK GE — 
XXXX XKXX XXXK XXXK XXXK XXKK XXXK XKXKK BH = 
TS /013 = 
“ee wane eee mare cee mee Sane X= --=- 40 = /CLR+ 
8 Sek RS, pict: sn ue Meeps, ee iaatigwe 41 ~ /O3%/02+ 
ee ane eaee a= X pet reek Sens enim 42 - /trR#/Q1+ 
ee ee een am X sene eee san kisi See 43 — /G2*/GO+ 
>} mae Seen aR n= SeNR mek oe 425 AR. = O9eaeeOi ape 
” XXXX XXXX XXXK XXKK XXKK XXKXK XXKK XKXKK 4H — 


XXXX XXXX KXXXX XXKKX XKXXX XXKKX KXKXK XXXK 4G — 
XXXKX XXXX KKXXX KXXKKX XXKXKX KXKKX KXKXX KXXK 47 — 


XXXX XXXX XXKXX XXXKX KKKK KXXK XKXXK XXKXX 4G — 
XXXX XXXK XXKKX XXXX KXKXK KXKXK KKXK KXKK 49 — 
XXXX XXXX XXXX XXXX XXKXX NXXXX XXKX XXXK SO — 
XXXX XXXX XXXKX KXKXX KXXK KXXX KXXKX XXXX Sl —- 
XXXX XXXX KXXXX XXXX KXXX XKXXK KXXXK XXKXX SS —- 
XXXX XXXX XXXK XXKXK KXKX KXKX KXXX KXKX SB —- 
XXXX XXKX XXXX XXXK XKXKXKX KXKX XXXK XXXX HA —- 
XXXX XXXX XKXX XXXKX KMXKXKX KXKK KXXKX XXXX SS —- 
/BODOUT oa 


Snes — meseranbar) ante I te mine Cet) SR a) en aiee. vem Root! Rage «ae Ee Glee ot eee 
XXXX XXXX XKXXX XXXX KXXKX KKXXK XXXX XXKXX SS — 
XXXK XXXX XXXX XXKXK XXKX KXKXX XXKXK KXXKXX BG — 
XXXX XXXX XXXX XXXX XXXX KXXXK XXKK KXXX 4O —- 
XXXX XXXX XXXX XXXKX XKXXK XXXK KXXX XXKK SL - 
XXXX XXXKX XXXX XXXK XKXK XXXK XXXK XKXX G2 —- 
XXXX XXXX XXXKX NXXXKX XXKX KXKXX XXXKX XXXX OS —- 


Figure 19. Fuse Map 
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ADVANCED SOFTWARE 


PALASM, while extremely useful in generating the 
fuse map, does little to help formulate the logic equations. 
This is what the new software packages such as ABEL and 
CUPL address. They not only generate the fuse map, but 
they also help in developing the logic equations. In most 
cases, they can generate the logic equations from simply 
providing the program with either a truth table or state 
diagram. In addition, they can test the logic equations 
against a set of test vectors. This helps ensure the designer 
gets the desired function. 

These are only a few of the features available on 
these new advanced software packages. We recommend 
that the reader contact the specific manufacturers 
themselves to obtain the latest information available. For 
your convenience, at the end of this application note we 
have included the addresses and phone numbers for many 
of these programming and software companies. 

As an example, we will approach our previous 
design utilizing DATA I/O’s ABEL package. The purpose 
here is not to teach the reader how to use ABEL, but 
rather to give them a basic overview of this powerful 
software package. Figure 20 shows the source file required 
by ABEL. Note that the 4-bit counter has been described 
with a state diagram table. When the ABEL program is 
complied, the logic equations will be generated from this. 
The equations for CLK OUT and BD OUT have been 


given in their final form to demonstrate how ABEL would 
handle these. Also notice that test vectors are included for 


checking the logic equations. This is especially important 


when only the logic equations has been given. 

Figure 21 shows some of the output documentation 
generated by the program. Notice that the equations 
generated for the counter, match the the ones generated 
by the Karnaugh maps. A pinout for the device has also 
been generated and displayed. The fuse map for the 
device has not been shown, but looks very similar to the 
one in Figure 19. As with the PALASM program, this 
information can be down loaded into the device 
programmer. 


PERFORMANCE 


Up to this point, nothing has been said about the 
performance of these devices. The Standard High Speed 
PAL (indicated by an “A” after the device number) offered 
by TI has a maximum propagation of 25 ns from input to 
output, and 35 MHz fmax. Also available is a new, higher 
speed family of devices called TIBPALs. These devices are 
functionally equivalent with the current family and offer a 
maximum propagation delay of 15 ns from input to output. 
They are also rated at 50 MHz fmax. The higher speeds on 
these devices make them compatible with most high-speed 
logic families. This allows them to be designed into more 
critical speed path applications. 
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‘ep Applications 


= 5 Fp 2 
r = ¢ a ears : : = 
ad ; > " b 
- < r cay 3 
uf 7 ¥ a5 3 *f. 
¥ i 
; hae 


Rodote BOLCGUNT Flan “-r2z- 
title “4$-hit binarv/decade counter 


re} device “PI4SR4~‘- 


Pin assainnments and constant declarations 
CLE_IN SEtLO SEL? CLKA nin B52 =8- Ae 


CLEB CUKC CiLko pin. Sos oF 

CLR, BN_ IN. OE pin 8.9 Tr: 

BULL OUT | CLK OUT on 12,19; 

AA, ANS, O10 fim. 4-25) 446.17: 
oto. AM AS See a ons 6 SE Se 
OUTPLIT = (O23, NO? ,01,00); 


counter states 


RG oes 


? 


S0=*hO000; S4="boO1o00- S8=*b1000; - Si2z=*b1100; 
$1="hoo0o1- SS="boO101: S9="bh1001; $13="b1101; 
SZ="hOO1O: S4=*bO11O, 510=—"b1910; $14="b1110; 
S2="hOO11 - S7=*bhOL1lis S11=*bi1011; Si5=“bt111;5 


equations 
Soe leck selector 


MKT = CLEA &® 'SELO & 'SEL1 # CLER & 'SEL1 & SELO 
# CLKC ® SEL1 &% 'SELO # CLKD & SEL1 & SELO; 


“ ecnynt mine indicator for decade counting 


BBALIT = '¢*BDLIN- & QS. & 'O2-e "O1s& QO}: 


end BDO_COLUNT 


Figure 20. Source File for ABEL 
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; state odianram (92,92 91,n0} 
State So: IF CLR == © THEN SO ELSE Sil; 
State S15: IF CLR == O THEN SO ELSE S2; 
State S22 TF -CER == 0 THEN SO ELSE © SS; 
State S32: If CLR == 90 THEN SO ELSE S4; 
State S54: IF CLR == 0 THEN SO ELSE SS; 
State-- 55: TF CLLR == O THEN SO ELSE Sé4; 
State S&: TF°CLR == 0 THEN SO €LSE —§S7:; 
State 37: IF CLR == O THEN SO ELSE SS; 
State S&s IF CLR == 0 FHEN- SO ELSE: SPs 
State S93: IF CLR == 9 THEN SO ELSE $10: 
State $10: IF CLR == 0 THEN SO ELSE S11; 
State $11: IF CLR == O THEN SO ELSE $12; 
State Sl2: IF CLR == © THEN SO ELSE S13; 
State SiR: JF CLR == O THEN SO ELSF S14; 
State 324: IF CLR == 0 THEN SO ELSE S15; 
State Sis: JF CLR == 9 THEN SO ELSE SO; 
test_vectars “clock selector” 
> (CEEKAS CLEKB?  EtKe --CLKD.- SEL1, SELEOL > CLOUT) 
= ies a “2:3 oF Sa sk +> L; 
ue ae: a x da aa Ss So es Hs 
ae reg Sane ea eee ¥i; R-: {2 HJ -—> L; 
oh came > H 2 x ram = $0 > H; 
a SS ee See CP eos eae ear L: 
== ee x | oe H, Ee Oe H; 
= aE x So - H, HA => Ls 
ad Ee . x » Coa >, H, Ho => H; 
no 
test_vectars “counter” 
(TELKOCIN, DE, CUR’ -BD.IN) .—>" COUTPUT. ~- BD OUT )) 
SES t ey ' ee Fa ee ef | 8 Se H j: 
c.- Gx2 kL H, ae. Fo => E588 H J; 
CER t Hq x Y oe See H ]; 
a i: H, xX }) => 0) S3- H 1]; 
= oe: ena ¥ 3 + (£95862 cH 3s 
EK, i H, Re - SAL tee H Jj; 
SK. 2 H. Ky >? Ex 284. H J; 
fo ae, aan H, | Ree a Pe Nae H 1; 
> ES a H. e. Qt Be H Jj; 
Ps St is H, gage SS an ee Ll J; 
| RGR 8 eke H. Moov) -=>.f--Si0, H J: 
AR > a H, hd =o Sa ee H J: 
b> OK: L H. tS OS H Jj: 
CC: aid os x 1 => -C S73. H ]- 
to ts. L H_ x. 3.->.-6 Ste Mods 
igre & t. Al H, Ae Seok tes as 
G-: tvs H. a 3 en O- 2 SG. eds 
if x H x ee Mee gO ha Rees H J; 


ABEL (tm) Versian 1.00 —- Dacument Generator 
A-—bit binaryv/decade counter 


Equations for Module BD_COUNT 


Device [C1 


Reduced Equations: 
CLK Our =? €CSEL1-& SELO & 'CUKD 
#-CSEt I & 'SELO & SELKC 
# ('SEL!T & SELO & ‘CLEKR 
# 'SELI & 'SELO & 'CILKA))))s 
BD_OUT = '(R2 & 'O2-°& '01 & @O-& 'BD_IN); 
GAR 26 §'((OS & AP & AI & HO 
£eCtOS.&% QZ 
# ('AS & 'OM 
# ('OS & RO 
# 'CLRIYID)- 


$ 


O2 := §'((92 & O1 & BO # C'O2 & 'OH1 # ('O2 & 'QO # 
O81 := '¢€(O1 & QO # ('Q1 & 'RO # 'CLA))); 


HO == '((fO # 'CLR)); 


ABEL (tm) Version 1.00 —-— Decument Generator 
4—-bit binary/decade counter 


Chis diagram for Module BD_COUNT 


Device IC1 


end of madule BND_COUNT 


Figure 21. ABEL Output Documentation 
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HARDWARE MANUFACTURERS 


3 


eS 


A 


en ae 


referenced. 


Reference 


1. H. Troy Nagle, Jr., B.D. Carroll, and David Irwin, An Introduction 
to Computer Logic. New Jersey: Prentice-Hall, Inc., 1975. 
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ADDRESS FOR PROGRAMMING AND SOFTWARE MANUFACTURERS* 


Citel 

3060 Raymond St. 
Santa Clara, CA 95050 
(408) 727-6562 


DATA I/O 

10525 Willows Rd. 
Redmond, WA 98052 
(206) 881-6444 


DIGITAL MEDIA 
3178 Gibralter Ave. 
Costa Mesa, CA 92626 
(714) 751-1373 


Kontron Electronics 

630 Price Avenue 
Redwood City, CA 94063 
(415) 361-1012 


Stag Micro Systems 
528-5 Weddell Drive 
Sunnyvale, CA 94086 
(408) 745-1991 


Storey Systems 

3201 N. Hwy 67, Suite H 
Mesquite, Tx 75150 
(214) 270-4135 


SOFTWARE MANUFACTURERS 


Assisted Technologies (CUPL) 
2381 Zanker Road, Suite 150 


Santa Clara, CA 95050 
(408) 942-8787 


DATA I/O (ABEL) 
10525 Willows Rd. 
Redmond, WA 98052 
(206) 881-6444 


*Texas Instruments does not endorse or warrant the suppliers 


Structured Design 

1700 Wyatt Dr., Suite 7 
Santa Clara, CA 95054 
(408) 988-0725 


Sunrise Electronics 

524 S. Vermont Avenue 
Glendora, CA 91740 
(213) 914-1926 


Valley Data Sciences 

2426 Charleston Rd. 
Mountain View, CA 94043 
(415) 968-2900 

Varix 

1210 Campbell Rd. 
Richardson, TX 75081 
(214) 437-0777 


Wavetec/Digelec 

586 Weddel Dr., Suite 1 
Sunnyvale, CA 94089 
(408) 745-0722 


set, ag 
_ j 


General Information 


Functional Index 


RAMs and Memory-Based , 5 
Code Converters | ee 


Designing with Texas Instruments 
Field-Programmable Logic 


Mechanical Data  , 


Mechanical Data Pm | 
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MECHANICAL DATA 


DW plastic dual-in-line packages 


Each of these dual-in-line packages consists of a circuit mounted on a lead frame and encapsulated within 
a plastic compound. The compound will withstand soldering temperature with no deformation, and circuit 
performance characteristics will remain stable when operated in high-humidity conditions. Leads require 
no additional cleaning or processing when used in soldered assembly. 


20 PIN PACKAGE 
(TENTATIVE SPECIFICATIONS) 


12,9 (0.508) 
12,7 (0.500) 


10,65 (0.419) 
10,15 (0.400) 


7,55 (0.297) 
7,45 (0.293) 


° 
M 
; cae pe Dl 


2,65 (0.104) 8,6 (0.338) 
2,35 (0.093) 


0,30 (0.012) | a \ 
poet Sa las 0,490 (0.019) 4° +4 7°NOM = 4.9710. 
0,10 (0.004) ees 27 (0.050) 


0,350 (0.014) 0,320 (0.013) 4 PLACES 940 (0.016) 
0,230 (0.009) 


0,785 (0.031) ' 
0,585 (0.023) 
1,27 (0.050) TP 


ALL LINEAR DIMENSIONS IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Body dimensions do not include mold flash or protrusion. 
B. Mold flash or protrusion shall not exceed 0,15 (0.006). 
C. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 


aig 
TEXAS 7-3 
INSTRUMENTS 
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MECHANICAL DATA 


DW plastic dual-in-line packages (continued) 


24 PIN PACKAGE 
(TENTATIVE SPECIFICATIONS) 


15,5 (0.610) 
15,3 (0.602) 


10,65 (0.419) 
10,15 (0.400) 


7,55 (0.297) 
7,45 (0.293) 


9,0 (0.354) 


8,6 (0.338) 
0,5 (0.02) x 45° Tbe 
2,65 (0.104) ; bas 


pj ea 
2,35 (0.043) 4 \imel 
0,30 (0.012) t Fe n: ce NOM 


0,10 (0.004) 4 PLACES 
| 1,27(0.050) TP 


0,785 (0.031) 0,320 (0.013) 1,27 (0.050) 
ALL LINEAR DIMENSIONS IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


0,585 (0.028) 0,230 (0.009) 0,40 (0.016) 


NOTES: A. Body dimensions do not include mold flash or protrusion. 
B. Mold flash or protrusion shall not exceed 0,15 (0.006). 
C. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 


e}eqg jediueyoosyj 


~ 
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MECHANICAL DATA 


FK ceramic chip carrier packages 


Each of these hermetically sealed chip carrier packages has a three-layer ceramic base with a metal lid 
and braze seal. The packages are intended for surface mounting on solder lands on 1,27 (0.050-inch) 
centers. Terminals require no additional cleaning or processing when used in soldered assembly. 


FK package terminal assignments conform to JEDEC Standards 1 and 2. 


FK CERAMIC CHIP CARRIER PACKAGES 
(28-terminal package shown) 


CERAMIC CHIP CARRIERS 


JEDEC 
OUTLINE 
DESIGNATION* 


MSO004CB 


NO. OF 
TERMINALS 


8,69 9,09 
(0.342) (0.358) | (0.307) (0.358) 
11.23. 1163 | 10.31 11,63 
MSOO4CG (0.442) (0.458) | (0.406) (0.458) 


16,26. 16,76 | 1258 14,22 
sregkbiaet (0.640) (0.660) | (0.495) (0.560) 
18,78 19,32 | 1258 14,22 
MSOIMCE (0.739) (0.761) | (0.495) _ (0.560) 
2383. 2443 | 126 21,8 
sesctuphe (0.938) (0.962) | (0.495) (0.862) 
INDEX CORNER 
aa HS 2883 2959 | 126 27.0 
(1.135) (1.165) | (0.495) (1.065) 


* All dimensions and notes for the specified JEDEC outline apply. 


0,51 (0.020) _ 
0,25 (0.010) 


| 0,51 (0.020) 


0,25 (0.010) 


1,40 (0.055) 
1,14 (0.045) 1,14 (0.045) 


0,89 (0.035) 


0,71 (0.028) 2,03 (0.080) 
0.56 (0.022) ona) _ eee 1,14 (0.045) 763 (0.064) 
0.89 (0.035) f : 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


INSTRUMENTS 
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MECHANICAL DATA 


FN plastic chip carrier package 


Each of these chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within 
an electrically nonconductive plastic compound. The compound withstands soldering temperatures with 
no deformation, and circuit performance characteristics remain stable when the devices are operated in 
high-humidity conditions. The packages are intended for surface mounting on solder lands on 1,27 (0.050) 
centers. Leads require no additional cleaning or processing when used in soldered assembly. 


FN PLASTIC CHIP CARRIER PACKAGE 
(28-terminal package shown) 


NO. OF A 
TERMINALS MIN MAX 
9,70 10,03 8,89 9,04 8,08 8,38 
(0.382) (0.395) (0.350) (0.356) (0.318) (0.330) 
12,24 12,57 11,43 11,58 10,62 10,92 
(0.482) (0.495) (0.450) (0.456) (0.418) (0.430) 


4,78 (0.188) 
4,06 (0.160) 


1,14 (0.045) 
0,63 (0.025) 
2,41 (0.095) MIN 


1,27 (0.050) x. 45° 
NOM 


0,25 (0.010) R 
MAX = 


aes 1,35 (0.053) 


1,19 (0.047) 


0,81 (0.032) 
0,66 (0.026) 


3° NOM 


e}eq jesiueude/\ 


1,52 (0.060) MIN 


~ 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


i 
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“MECHANICAL DATA 


J ceramic packages (including JT and JW dual-in-line and JO quad-in-line packages) 


Each of these hermetically sealed dual-in-line packages consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The JT packages are intended for insertion in mounting-hole rows on 
7,62 (0.300) centers, JW packages for mounting-hole rows on 15,24 (0.600) centers, and the JQ quad-in-line 
package for mounting-hole rows on 15,24 (0.600) and 20,32 (0.800) centers. Once the leads are compressed and 
inserted sufficient tension is provided to secure the package in the board during soldering. Tin-plated (‘‘bright-dipped’’) 
leads require no additional cleaning or processing when used in soldered assembly. 


NOTE: For the 14-, 16-, 18-, and 20-pin packages, the letter J is used by itself since these packages are available only in the 7,62 (0.300) 
row spacing. For the 24-pin packages, if no second letter or row spacing is specified, the package is assumed to have 15,24 (0.600) 
row spacing. 


14-PIN J CERAMIC 


19,94 (0.785) 
+918 (0.755) | 
Falls Within JEDEC TO-116 and | 
EIA MO.001AA Diiniinaieaha: © ® @) ® | 
1 


0,63 (0.025) R NOM 


7,87 (0.310) 
7,37 (0.290) 

7,11 (0.280) 

6,22 (0.245) 

127 0,51 (0.020) MIN 1,78 (0.070) MAX 14 PLACES 
_ (0.050) NOM —_ anaes 
5,08 (0.200) SEALANT 
MAX 


~ SEATING PLANE an 0,69 (0.027) MIN 
14 PLACES 


0,58 (0.023) 
i, calms 0,38 (0.015) ‘7 PLACES 
2,54 (0.100) 


1,78 (0.070) PIN SPACING 2,54 (0.100) T.P. 
4 PLACES (See Note A) 


0,356 (0.014) 3,30 (0.130) 
0,203 (0.008) MIN 
14 PLACES 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


16-PIN J CERAMIC 


99000000 


0,63 (0,025) R NOM 
7,87 (0.310) 
7,37 (0.290) 
7,11 (0.280) 


6,22 (0.245) OD@OOOOO® 


1,27 (0.050) NOM ad 1,78 (0.070) MAX 16 PLACES 


GLASS 


5,08 (0.200) SEALANT 
MAX et ul 
- SEATING PLANE : ea & 
ie | I 


0; 51 (0. mone ig 0,69 (0.027) MIN 


90° M 12 PLACES 
16 PLACES . 


Ps 0,356 (0.014) 3,30 (0.130) 0,58 (0.023) 


0,203 (0.008) wing 16 PLACES 


16 PLACES 
0,305 (0. —. MIN | | 
4 PLACES u 
1,27 (0.050) 


PIN SPACING 2,54 (0.100) T.P. 038 10015) * PLACES 
(See Note A) sane 


0,38 (0.015) 


TFor memories of 64 bits and up and a few MSI/LSI products in Series 54/74 and Series 54S/74S that are deriv- 
ed from memory circuit bars, this maximum is 7,62 (0.300). All other dimensions apply without modification. 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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INSTRUMENTS. 


POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265 


MECHANICAL DATA 


J ceramic dual-in-line packages (continued) 


18-PIN J CERAMIC 


‘aie a (0.910) NAN err 
Poe ee ® oF 


7,87 (0.310) 
7,37 (0.290) 


0,63 (0.025) R ieee 


7,62 (0.300) 


6,22 (0.245) OAQOOOOOOO® 


0,51 (0.020) 1,78 (0.070) MAX 18 PLACES 


1,27 (0.050) NOM 
MIN 


GLASS 


5,08 (0.200) SEALANT 


MAX 
SEATING PLANE 
105° 3,30 (0.130) 0,69 (0.027) MIN 
14 PLACES 


90° MIN 


18 PLACES 
0,356 (0.014) - 0,58 (0.023) 
_o\ aan 18 PLACES 


0,203 (0.008) 0,38 (0.015) 


18 PLACES 
PIN SPACING 2,54 (0.100) 120 (0.050) PLACES 
(See Note A) 0,38 (0.015) : 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


20-PIN J CERAMIC 


24,76 (0.975) 


ae 23,62 (0.930) Sa 


2 OOOO BVOO® 


0,63 (0.025) R NOM 


7,87 (0.310) 
7,37 (0.290) 


622 0.245) OD OO OODOOH 


0,51 (0.020) 1,78 (0.070) MAX 20 PLACES 


> 1,27 (0.050) NOM MIN 
: GLASS 


5,08 (0.200) SEALANT 


MAX 
i SEATING PLANE 
0s, 3,30 (0.130) 0,69 (0.027) MIN 
16 PLACES 


MIN 


Fs tidehie ag 0,356 (0.014) 
6 0,58 (0.023) 
305 (0.012) MIN occa ee sires 
0,203 (0.008) 0, ( ) > 0.38 (0.015) 20 PLACES 


20 PLACES 4 PLACES 
1,27 (0.050) 
0,38 (0.015) 


e}eq jedueyssyy 


~ 


4 PLACES 


PIN SPACING 2,54 (0.100) T. P. 
(See Note A) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 


J ceramic dual-in-line packages (continued) 


24-PIN JT CERAMIC, 0.300-INCH ROW SPACING 


31,8 (1.250) MAX 


OOOOOOOOOOLO® 


¢ ¢ 0,63 (0.025) R NOM 
8,26 (0.325) 
7,37 (0.290) 
7,62 (0.300) 
6.22 (0.2465) OOOOOO OOOOOD® 
0,51 (0.020) 
1,27 (0.050) NOM MIN 1,78 (0.070) 
= 0,76 (0.030) Ss epee GLASS 
SEALANT 
5,08 (0.200) 
MAX 


SEATING PLANE 


1 Le 0,69 (0.027) MIN 


24 PLACES ue ees 
0,356 (0.014) 3.30 (0.130) | 0,58 (0.023) 4 5 aces 
_o\\<— 9205 10.008) 0,203 (0.008) MIN 0,38 (0.015) 
24 PLACES 
PIN SPACING 2,54 (0.100) T. P. 
2,54 (0.100) MAX (See Note A) 
4 PLACES 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


24-PIN JW CERAMIC 
| OOOOH HOS® 


Z\ aS Fs 


0,63 (0.025) R 
NOM 


\ S } 
¢ Fala Vif v4 
16.24: 0.26. b5556bb555006 
(0.600 + 0.010) 
600 + 0 14,2 (0.560) 
13,1 (0.515) 1,91 (0.075) 
++1,27 (0.050) NOM —_ [7.27 (0.050) 1.78 (0.070) MAX 24 PLACES = 
— GLASS SEALANT 
) ] . 
i SEATING PLANE, 
105 24 PLACES \ 1,78 (0.070) et ee | od 
u 0.51 (0.020) U U8 ae es aie } U U U .¥ 406 10.160) 


0,30 (0.012) —-» 3,17 (0.125) 
on Ih OAAL 0,51 (0.020) $ : 
0,20 (0.008) ~< 0,71 (0.028) MIN@ ~ 2.54 (0.100) 


0,41 (0.016) <= nd 
24 PLACES , 24 PLACES 4 PLACES 
24 PLACES & i a 1,52 (0.060) 
PIN SPACING 2,54 (0.100) T. P 
{See Note A) 


24 PLACES 


“i Mechanical Data 


Falls within JEDEC MO-015AA dimensions 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 


ceramic packages — side-braze (JD suffix) 


e}eq jediueyssjy 


~ 


This is a hermetically sealed ceramic package with a metal cap and side-brazed tin-plated leads. 


ee 


INDEX DOT 


A EEE 
0,51 (0.020) 
MIN | 


SEATING 
PLANE 


90° 


1,90 (0.075) 
MAX 

0,25 (0.010) 

NOM 


2,54 (0.100) T.P. 
PIN SPACING 
(See Note A) 


1,52 (0.060) 
1,02 (0.040) 


0,53 (0.021) 
0,38 (0.015) 


5,1 (0.200) 
MAX 


3,05 (0.120) 
MIN 


oe | ee 


A + 0,25 (0.010) | 15,24 (0.600) | 15,24 (0.600) | 15,24 (0.600) | 15,24 (0.600) | 15,24 (0.600) | 22,86 (0.900) 
32,8 (1.290) | 36,8 (1.450) | 52,1 (2.050) | 62,2 (2.450) | 67,3 (2.650) | 82,6 (3.250) 


C NOM [15,1 (0.595) | 15,1 (0.596) | 15,1 (0.595) | 15,1 (0.595) | 15,1 (0.595) | 22,6 (0.600) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


MECHANICAL DATA 


ea ee APRA IERIE SS ASPB EAA VAL A EE TD NSO DANES TEE OIE A NORE R TEA A ERI EIA PDE REDD EIB EEE PBIY EE IES LEE EE IEE LEAL PDN AIEEE NEEL GET 
N plastic packages (including NT and NW dual-in-packages) 


NO 


Each of these dual-in-line packages consists of a circuit mounted on a lead frame and encapsulated within an electri- 
cally nonconductive plastic compound. The compound will withstand soldering temperature with no deformation and 
circuit performance characteristics remain stable when operated in high-humidity conditions. The packages are intend- 
ed for insertion in mounting-hole rows on 7,62 (0.300) centers for the NT packages and on 15,24 (0.600) centers for 
the NW packages. Once the leads are compressed and inserted, sufficient tension is provided to secure the package in 
the board during soldering. Leads require no additional cleaning or processing when used in soldered assembly. 

TE: For the 14-, 16-, 18-, 20-, and 28-pin packages, the letter N is used by itself since these packages are available in only one row- 


spacing width: 7,62 (0.0300) for the 14-, 16-, 18-, and 20-pin packages or 15,24 (0.600) for the 28-pin package. For the 24-pin 
package, if no second letter or row spacing is specified, the package is assumed to have 15,24 (0.600) row spacing. 


14-PIN N PLASTIC 


19,8 (0.780) _ 


@Qd0900 


g 2,4 (0.093) R NOM 


7,62 + 0,25 2,8 (0.110) NOM 
(0.300 + 0.010) 


6,35 + 0,25 Py, 4 MS iw, 
(0.250 = 0.010) YVMOOOO® 
2,0 (0.080) NOM 


+f >| fo 78 (0.070) MAX 14 PLACES 


"051 (0.020) 
foas (0.010) 5.08 (0: = MAX oe ee 
ease PLANE — 0,84 (0.033) MIN 
14 PLACES 
14 sentes re | Pr  Septnae 


0,457 + 0,076 
**~ (0.011 + 0.003) | be 
‘eLAbeS es (0.018 + 0.003) 
2,03 + 0,51 


14 PLACES 
(0.080 + 0. 020) (See Notes B and C) 


4 PLACES PIN SPACING es: (0.100) T. P. 
(See Note A) 


Falls Within JEDEC TO-116 and EIA MO.001AA Dimensions 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


(See Notes B and C) 


16-PIN N PLASTIC 


‘Ss 19,8 (0.780) MAX = 
®@@@QQOQO® 


q 
7,62 + 0,25 2,4 (0.093) R NOM 


{0.300 + 0.010) 
6.35 + 0,25 2,8 (0.110) NOM 


(0.250 + 0.010) 


2,0 (0.080) NOM @ @ ® @) © © ® 
= 2 i —". 78 (0.070) MAX 16 PLACES 
Eo 25 (0.010) NOM 


? 5,08 (0.200) MAX "3 | ETT igi 
AT 
1 SEATING PLANE ; 0,84 (0.033) MIN 
12 PLACES 


16 ed 0,28 + 0,08 
ole, 011 = 0.003) 3,17 (0.125) MIN ; is ae + 0,076 


(0.018 + 0.003) 
16 PLACES sin toia eee 
Sees Homey Sige Ss 0,38 (0.015) (See Notes B and C) 
4 PLACES PIN fe 2,54 (0.100) T. P. 
(See Note A) 


ALTERNATE SIDE VIEW 


— jo 1.78 (0,070) MAX 16 PLACES 


0,51 (0.020) 
Parts may be supplied in accordance with the 5,08 (0.200) MAX 


alternate side view at the option of TI plants 
. a 0,84 (0.033) MIN 
located in Europe. In this case, the overall 16 PLACES 


length of the package is 22,1 (0.870) max. 3,17 (0.125) MIN —w| ke- 0,457 + 0,076 
vient (0.018 + 0,003) 
2,41 (0.095) 16 PLACES 


1,02 (0.040) PIN SPACING 2,54 (0.100) Tp, ‘See Notes 8 and C) 


4 PLACES (See Note A) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


Mechanical. Data 


x 


NOTES: A. Each pin centerline is located with 0,25 (0.010) of its true longitudinal position. 


B. This dimension does not apply for solder-dipped leads.. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 
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MECHANICAL DATA 


N plastic dual-in-line packages (continued) 


18-PIN N PLASTIC 


23,4 (0.920) MAX 


OOOOYVOOO® 


2,36 (0.093) R NOM 
7,62 ' 0,25 
(0.300 + 0.010) 4,06 (0.160) NOM 


6,99 (0.275) MAX AOQOOOOOOO@® 


2,03 (0.080) NOM ©} 1.78 (0.070) MAX 18 PLACES 


0,51 (0.020) 
0,25 (0.010) NOM MIN 
5,08 (0.200) MAX 


—SEATING PLANE 


105° = ne 0,89 (0.035) MIN 


90 
18 PLACES 18 PLACES 


a\- 0,279 + 0,076 3,17 (0.125) MIN —w| }e— 0,457 + 0,076 
(0.011 + 0.003) (0.018 + 0.003) 
18 PLACES 18 PLACES 
(See Notes B and C) 1,91 (0.075) (See Notes B and C) 


PIN SPACING 2,54 (0.100) TP. 
0,23 (0.009) (See Note A) 
4 PLACES 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


20-PIN N PLASTIC 
ora 


2 OQ BQLOLORY 


2,4 (0.093) R NOM 
2,8 (0.110) NOM 


7,62 + 0,25 
+, 300 + 0.010) 


6,86 + 0,25 
Bye correoaee ODOOOOOO OOO 
bs 2,0 (0.080) NOM — 1,78 (0.070) MAX 20 PLACES 
‘ile 3 Es 4 0,51 (0.020) 
0,25 (0.010) NO Sc isoeman ae 
—SEATING PLANE 
0,84 (0.033) MIN 
16 PLACES 

es ahs lg — 0.487 # 0.076 

ke oor: hee 3,94 (0.155) ae 018 + 0.003) 

20 PLACES 3,17 (0.125) 20 PLACES 


(See Notes B and C) 


1,68 (0,066) 
0.22 10.009) in SPACING 2.54 (0.100) T.P 
; (See Note A) 


4 PLACES pe 


ALTERNATE SIDE VIEW 


ey - est, 78 (0.070) MAX 20 PLACES 


: : ' 0,51 (0 F051 (0.020) 
Parts may be supplied in accordance oss acute aaa at 
with the alternate side view at the 
option of TI plants located in Europe. ! rt ~e |e 0,84 (0.033) MIN 
In this case, the overall length of the 20 PLACES 


0,457 + 0,076 
package is 26,7 (1.050) max. 3,94 (0.155) (0.018 + 0.003) 
3,17 (0.125) 


20 PLACES 


1,91 (0.075). bt SPACING 2,54 (0.100) T.P 
1,02 (0.040) (See Note A) 
4 PLACES 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located with 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating . 
plane. 
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MECHANICAL DATA 


N plastic dual-in-line packages (continued) 


24-PIN NT PLASTIC, 0.300-INCH ROW SPACING 


OO909OOQQOGO 


¢ 2,4 (0.093) R NOM 
rks mig 2,8 (0.110) NOM 


7,1 (0.280) MAX QHOOOOOQOOOOM® 


0,38 (0.015) 
MI 


N 
2,0 (0.080) NOM 1,78 (0.070) 
—>| H— o-83 (0.033) 24 PLACES 


a 0,25 (0.010) NOM 
. j 5,08 (0.200) 
MAX 1 QERIRERISAME SESE Shee 
105° —— SEATING PLANE ay < 
4 (0. M 
24 4 axes is 


| 0,28 + 0,08 3,17 (0.125) MIN —»| — 0,457 + 0,076 


(0.011 + 0.003) (0.018 + 0.003) 
24 PLACES 24 PLACES 


2,16 (0.085) MAX 
4 PLACES PIN SPACING 2,54 (0.100) T.P. 


(See Note A) 
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


24-PIN NW PLASTIC 


——_———~33,3 11.310) MAx ——__—___ 


®OHOHO@AD@™MOODOOO®D 


2,36 (0,093) R NOM 


2,79 (0.110) NOM 


15,24 + 0,26 
(0.600 + 0,010) 


13,97 (0.550) 


Now OD OOOH ODD OOO® 


o- 


-SEATING PLANE a 


105° 0,51 (0.020) MIN 
90° 24 PLACES 
0,279 + 0,076» *— 0,83 (0.033) MIN 3,17 (0.125) MIN 


| 
(0.011 + 0.003) | | | 24 PLACES 24 PLACES 
24 PLACES 0,457 + 0,076 


(See Notes c and d) (0.018 + 0.003) ting ee Anges 


5,08 (0.200) MAX 


“i Mechanical Data 


24 PLACES PIN SPACING 2,54 (0.100) T.P. 
(See Notes c and d) (See Note b) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Each pin centerline is located with 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 
plane. 
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28-PIN N PLASTIC 


36,6 (1.440) MAX 


EITHER 
INDEX 


¢ 52 


15,24 + 0,25 
(0.600 + 0.010) 


0,51 (0.020) 
MIN 


ee 5,08 (0.200) MAX 


| 3,17 (0.125) MIN 
0,28 + 0,08 0,46 « 0,08 
(0.011 + 0.003)  (ggig: 0.003)" + 0,84 (0.033) MIN 
127-051 


PIN SPACING 2,54 (0.100) T. P. Remap peen 
See Note A 
cone sadainy 1.52 (0.060) NOM 


SEATING PLANE 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


(panuijuos) sabeyxoed aiysejd jy 
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MECHANICAL DATA 


N plastic packages (continued) 
40-PIN N PLASTIC 


————- §3,1 (2.090) MAX —-——---—_—_ 
a ase ee 
Ress ates s wa [] eee ca Fas ee 0 ae eS ee 2 es es 


€ 24:02 * | 
(0.600 » 0.010) 
0,51 (0.020) 


MIN =s- 
5,08 (0.200) MAX 
— SEATING PLANE 

} 3.17 (0.125) MIN 
90° 0.28 : 0,08 bie eS 


0,457 | 
(0.011 » 0.009)" 457 | 0,076 ->{}e- 


0,84 (0.033) MIN 


(0.018 + 0,003) 
PIN SPACING 2,54 (0.100) T. P. sap ipoee 
ings Nata) 1,52 (0.060) NOM ees 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


48-PIN, 52-PIN, AND 64-PIN N PLASTIC 


PIN SPACING IS 2,54 (0.100)T.P. 
(See Note A) 


A + 0,25 (0.010) 15,24 (0.600) | 15,24 (0.600) | 22,86 (0.900) 
B MAX 62,2 (2.45) 67,3 (2.65) 81,3 (3.20) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


~ Mechanical Data 


7 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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TI Worldwide 
Sales Offices 


ALABAMA: Huntsville, 500 Wynn Drive, Suite 514, 
Huntsville, AL 35805, (205) 837-7530. 


ARIZONA: Phoenix, 8102 N. 23rd Ave., Suite 1B, Phoenix, 
AZ 85021, (602) 995-1007. 


CALIFORNIA: Irvine, 17891 Cartwright Rd., Irvine, CA 
92714, (714) 660-1200; Sacramento, 1900 Point West Way, 
Suite 171, Sacramento, CA 95815, (916) 929-1521; San 
Diego, 4333 View Ridge Ave., Suite B., San Diego, CA 
92123, (714) 278-9600; Santa Clara, 5353 Betsy Ross Dr., 
Santa Clara, CA 95054, (408) 980-9000; Torrance, 19505 
Hamilton St., Bldg. A, Suite 1, Torrance, CA 90502, (213) 
973-2571; Woodland Hills, 21220 Erwin St., Woodland Hills, 
CA 91367, (213) 704-7759. 


COLORADO: Aurora, 1400 S. Potomac Ave., Suite 101, 
Aurora, CO 80012, (303) 695-2800. 


CONNECTICUT: Wallingford, 9 Barnes Industrial Park 
Rd., Bares Industrial Park, Wallingford, CT 06492, (203) 
269.9074. 


FLORIDA: Ft. Lauderdale, 2765 N.W. 62nd St., Ft. 
Lauderdale, FL 33309, (305) 973-8502; Maitland, 260! 
Maitland Center Parkway, Maitland, FL 32751, (305) 
660-4600; Tampa, 5010 W. Kennedy Blvd., Suite 101, Tampa, 
FL 33609, (813) 870-6420. 


GEORGIA: Atlanta, 3300 Northeast Expy., Building 9. 
Atlanta, GA 30341, (404) 452-4600. 


ILLINOIS: Arlington Heights, 515 W. Algonquin, 
Arlington Heights, IL 60005, (312) 640-3000. 


INDIANA: Ft. Wayne, 2020 Inwood Dr., Fr. Wayne, IN 
46815, (219) 424-5174; Indianapolis, 2346 S. Lynhurst, Suite 
J-400, Indianapolis, IN 46241, (317) 248-8555. 


IOWA: Cedar Rapids, 373 Collins Rd. NE, Suite 200, Cedar 
Rapids, IA 52402, (319) 395-9550. 


MARYLAND: Baltimore, | Rutherford Pl., 7133 Rutherford 
Rd., Baltimore, MD 21207, (301) 944-8600. 


MASSACHUSETTS: Waltham, 504 Totten Pond Rd., 
Waltham, MA’02154, (617) 895-9100. 


MICHIGAN: Farmington Hills, 33737 W. 12 Mile Rd., 
Farmington Hills, MI 48018, (313) 553-1500. 


MINNESOTA: Edina, 7625 Parklawn, Edina, MN 55435, 
(612) 830-1600. 


MISSOURI: Kansas City, 8080 Ward Pkwy., Kansas City, 
MO 64114, (816) 523-2500; St. Louis, 11861 Westline 
Industrial Drive, St. Louis, MO 63141, (314) 569-7600. 


NEW JERSEY: Clark, 292 Terminal Ave. West, Clark, NJ 
07066, (201) 574-9800. 


NEW MEXICO: Albuquerque, 5907 Alice NSE, Suite E.. 
Albuquerque, NM 87110, (505) 395-2555. 


NEW YORK: East Syracuse, 6700 Old Collamer Rd., East 
Syracuse, NY 13057, (315) 463-9291; Endicott, 112 
Nanticoke Ave., P.O. Box 618, Endicott, NY 13760, (607) 
754-3900; Melville, | Huntington Quadrangle, Suite 3C10, 
P.O. Box 2936, Melville, NY 11747, (516) 454-6600; 
Poughkeepsie, 385 South Rd., Poughkeepsie, NY 12601, (914) 
473-2900; Rochester, 1210 Jefferson Rd., Rochester, NY 
14623, (716) 424-5400. 


NORTH CAROLINA: Charlotte, 8 Woodlawn Green, 
Woodlawn Rd., Charlotte, NC 28210, (704) 527-0930; 
Raleigh, 2809 Highwoods Bivd., Suite 100, Raleigh, NC 
27625, (919) 876-2725. 


OHIO: Beachwood, 23408 Commerce Park Rd., Beachwood, 
OH 44122, (216) 464-6100; Dayton, Kingsley Bldg., 4124 
Linden Ave., Dayton, OH 45432, (513) 258-3877. 


OKLAHOMA: Tulsa, 7615 East 63rd Place, 3} Memorial 
Place, Tulsa, OK 74133, (918) 250-0633. 


OREGON: Beaverton, 6700 SW 105th St., Suite 110, 
Beaverton, OR 97005, (503) 643-6758. 


PENNSYLVANIA: Ft. Washington, 260 New York Dr., Ft. 
Washington, PA 19034, (215) 643-6450; Coraopolis, 420 
Rouser Rd., 3 Airport Office Park, Coraopolis, PA 15108, 
(412) 771-8550. 


TEXAS: Austin, 12501 Research Blvd., P.O. Box 2909, 
Austin, TX 78723, (512) 250-7655; Richardsorf 1001 E. 
Campbell Rd., Richardson, TX 75080, (214) 680-5082; 
Houston, 9100 Southwest Frwy., Suite 237, Houston, TX 
77036, (713) 778-6592; Sam Antonio, 1000 Central Parkway 
South, San Antonio, TX 78232, (512) 496-1779. 


UTAH: Murray, 5201 South Green SE, Suite 200, Murray, 
UT 84107, (801) 266-8972 


VIRGINIA: Fairfax, 300! Prosperity, Fairfax, VA 22031, 
(703) 849-1400. 


WISCONSIN: Brookfield, 450 N. Sunny Slope, Suite 150, 
Brookfield, WI 53005, (414) 785-7140. 


WASHINGTON: Redmond, 2723 152nd Ave., N.E. Bldg. 6, 
Redmond, WA 98052, (206) 881-3080. 


CANADA: Nepean, 301 Moodie Drive, Mallorn Center, 
Nepean, Ontario, Canada, K2H9C4, (613) 726-1970, 
Richmond Hill, 280 Centre St. E., Richmond Hill L4¢C1B1, 
Ontario, Canada, (416) 884-9181; St. Laurent, Ville Sr. 
Laurent Quebec, 9460 Trans Canada Hwy., St. Laurent, 
Quebec, Canada H4SIR7, (514) 334-3635. 


ARGENTINA, Texas Instruments Argentina S.A.1.C.F.: 
Esmeralda 130, 15th Floor, 1035 Buenos Aires, Argentina, 
394-2963. 


AUSTRALIA (& NEW ZEALAND), Texas Instruments ' 
Australia Ltd.: 6-10 Talavera Rd., North Ryde (Sydney), New 
South Wales, Australia 2113, 02 + 887-1122; 5th Floor, 418 
St. Kilda Road, Melbourne, Victoria, Australia 3004, 

03 + 267-4677; 171 Philip Highway, Elizabeth, South Australia 
5112, 08 + 255-2066. 


AUSTRIA, Texas Instruments Ges.m.b.H.: Industriestrabe 
B/16, A-2345 Brunn/Gebirge, 2236-846210. 


BELGIUM, Texas Instruments N.V. Belgium S.A.: Mercure 
Centre, Raketstraat 100, Rue de la Fusee, 1130 Brussels, 
Belgium, 02/720.80.00. 


BRAZIL, Texas Instruments Electronicos do Brasil Ltda.: Av. 
Faria Lima, 2003, 20 0 Andar—Pinheiros, Cep-01451 Sao 
Paulo, Brazil, 815-6166. 


DENMARK, Texas Instruments A/S, Marielundvej 46E, 
DK-2730 Herlev, Denmark, 2 - 91 74 00. 


FINLAND, Texas Instruments Finland OY: PL 56, 00510 
Helsinki 51, Finland, (90) 7013133. 


FRANCE, Texas Instruments France: Headquarters and Prod. 
Plant, BP 05, 06270 Villeneuve-Louber, (93) 20-01-01; Paris 
Office, BP 67 8-10 Avenue Morane-Saulnier, 78141 Velizy- 
Villacoublay, (3) 946-97-12; Lyon Sales Office, L'Oree 
D'Ecully, Batiment B, Chemin de la Forestiere, 69130 Ecully, 
(7) 833-04-40; Strasbourg Sales Office, Le Sebastopol 3, Quai 
Kleber, 67055 Strasbourg Cedex, (88) 22-12-66; Rennes, 23-25 
Rue du Puits Mauger, 35100 Rennes, (99) 79-54-81; Toulouse 
Sales Office, Le Peripole—2, Chemin du Pigeonnier de la 
Cepiere, 31100 Toulouse, (61) 44-18-19; Marseille Sales 
Office, Noilly Paradis—146 Rue Paradis, 13006 Marseille, (91) 
37-25-30. 
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and services for you 


GERMANY, Texas Instruments Deutschland GmbH: Hag- 
gerty-strasse 1, D-8050 Freising, 08161-801; Kurfuersteendamm 
195/196, D-1000 Berlin 15, 030-8827365; II], Hagen 43/Kib- 
belstrasse, D-4300 Essen, 0201-24250; Frankfurter Allee 6-8, 
D-6236 Eschborn 1, 06196-43074; Hamburger Strasse 11, 
D-2000 Hamburg 76, 040-2201154, Kirchhorsterstrasse 2, 
D-3000 Hannover 51, 0511-648021; 

Arabellastrasse 15, D-8000 Muenchen 81, 089-92 341; May- 
bachstrasse 11, D-7302 Ostfildern 2/Nellingen, 0711-34030. 


HONG KONG ( + PEOPLES REPUBLIC OF CHINA), Texas 
Instruments Asia Ltd.: 8th Floor, World Shipping Ctr., Harbour 
City, 7 Canton Rd., Kowloon, Hong Kong, 3 + 722-1223. 


IRELAND, Texas Instruments (Ireland) Limited: 25 St. Stephens 
Green, Dublin 2, Eire, 01609222. 


ITALY, Texas Instruments Semiconduttori Italia Spa: Viale Delle 
Scienze, 1, 02015 Cittaducale (Rieti), lraly, 0746 694.1; Via 
Salaria KM 24 (Palazzo Cosma), Monterotondo Scalo (Rome), 
Italy, 06 9004395; Viale Europa, 38-44, 20093 Cologno Monzese 
(Milano), 02 2532541; Corso Svizzera, 185, 10100 Torino, Italy, 
O11 774545; Via]. Barozzi, 6, 45100 Bologna, Italy, 051 355851. 


JAPAN, Texas Instruments Asia Ltd. :4F Aoyama Fuji Bldg. , 6-12, 
Kita Aoyama 3-Chome, Minato-ku, Tokyo, Japan 107, 
03-498-2111; Osaka Branch, 5F, Nissho Iwai Bldg. , 30 Imabashi 3- 
Chome, Higashi-ku, Osaka, Japan 541, 06-204-1881; Nagoya 
Branch, 7F Daini Toyota West Bldg., 10-27, Mereki 4-Chome, 
Nakamura-ku, Nagoya, Japan 450, 052-583-8691. 


KOREA, Texas Instruments Supply Co. : Room 201, K 
Bldg., 24-1, Hwayand-Dong, Sung dong-ku, 133 Seoul, Korea, 
02 + 464-6274/5. 


MEXICO, Texas Instruments de Mexico S.A.: Poniente 116, No. 
489, Colonia Vallejo, Mexico, D.F. 02300, 567-9200. 


MIDDLE EAST, Texas Instruments: No. 13, Ist Floor Mannai 
Bldg., Diplomatic Area, Manama, P.O. Box 26335, Bahrain, 
Arabian Gulf, 973 - 72 46 81. 


NETHERLANDS, Texas Instruments Holland B.V., P.O. Box 
12995, (Bullewijk) 1100 AZ Amsterdam, Zuid-Oost, Holland 
(020) 5602911. 


NORWAY, Texas Instruments Norway A/S: Kr. Augustsgt. 13, 
Oslo 1, Norway, (2) 20 60 40. 


PHILIPPINES, Texas Instruments Asia Ltd.: 14th Floor, Ra- 
Lepanto Bldg., 8747 Paseo de Roxas, Makati, Metro Manila, 
Philippines, 882465. 


PORTUGAL, Texas Instruments Equipamento Electronico 
(Portugal), Lda.: Rua Eng. Frederico Ulrich, 2650 Moreira Da 
Maia, 4470 Maia, Portugal, 2-9481003. 


SINGAPORE (+ INDIA, INDONESIA, MALAYSIA, 
THAILAND), Texas Instruments Asia Ltd.: P.O. Box 138, Unit 
#02-08, Block 6, Kolam Ayer Industrial Est., Kallang Sector, 
Singapore 1334, Republic of Singapore, 747-2255 


SPAIN, Texas Instruments Espana, S.A.: C/Jose Lazaro Galdiano 
No. 6, Madrid 16, 1/458. 14.58. C/Balmes, 89 Barcelona-8, 25360 
00/253 29 02. 


SWEDEN, Texas Instruments International Trade C 
os aa Box 39103, 10054 Stockholm, Sweden, 08 - 


SWITZERLAND, Texas Instruments, Inc. Riedstrasse 6, 
CH-8953 Dietikon (Zuerich) Switzerland, 1-740 2220. ° 


TAIWAN, Texas Instruments Supply Co.: 10th Floor, Fu- 


Shing Bidg., 71 Sung-Kiang Road, Taipei, Taiwan, Republic of 
China, 02 + 521-9321. 


UNITED KINGDOM, Texas Instruments Limited: Manton 
Lane, Bedford, MK41 7PA, England, 0234 67466; St. James 
House, Wellington Road North, Stockport, SK4 2RT, England, 
061 442-8448. BF 


TI Sales Offices 


ALABAMA: Huntsville, (205) 837-7530. 
ARIZONA: Phoenix, (602) 995-1007. 


CALIPORNIA: Irvine, (714) 660-1200; Sacramento, 

(916) 929-1521; San Diego, (714) 278-9600; Santa Clara, 
(408) 980-9000; Torrance, (213) 973-2571; Woodland Hills, 
(213) 704-7759. 


COLORADO: Aurora, (303) 695-2800. 
CONNECTICUT: Wallingford, (203) 269-0074. 


FLORIDA: Ft. Lauderdale, (305) 973-8502; Maitland, 
(305) 660-4600; Tampa, (813) 870-6420 


GEORGIA: Atlanta, (404) 452-4600. 
ILLINOIS: Arlington Heights, (312) 640-3000. 


INDIANA: Ft. Wayne, (219) 424-5174; Indianapolis, 
(317) 248-8555. 


IOWA: Cedar Rapids, (319) 395-9550. 
MARYLAND: Baltimore, (301) 944-8600. 
MASSACHUSETTS: Waltham, (617) 895-9100. 
MICHIGAN: Farmington Hills, (313) 553-1500. 
MINNESOTA: Edina, (612) 830-1600. 


MISSOURI: Kansas City, (816) 523-2500; St. Louis, 
(314) 569-7600. 


NEW JERSEY: Clark, (201) 574-9800. 
NEW MEXICO: Albuquerque, (505) 345-2555. 


NEW YORK: East Syracuse, (315) 463-9291; Endicott, 
(607) 754-3900; Melville, (516) 454-6600; Poughkeepsie, 
(914) 473-2900; Rochester, (716) 424-5400. 


NORTH CAROLINA: Charlotte, (704) 527-0930; 
Raleigh, (919) 876-2725. 


OHIO: Beachwood, (216) 464-6100, Dayton, 
(513) 258-3877. 


OKLAHOMA: Tulsa, (918) 250-0633. 
OREGON: Beaverton, (503) 643-6758. 


PENNSYLVANIA: Ft. Washington, (215) 643-6450; 
Coraopolis, (412) 771-8550. 


TEXAS: Austin, (512) 250-7655; Houston, (713) 778-6592; 
Richardson, (214) 680-5082; San Antonio, (512) 496-1779. 


UTAH: Murray, (801) 266-8972. 
VIRGINIA: Fairfax, (703) 849-1400. 
WISCONSIN: Brookfield, (414) 785-7140. 
WASHINGTON: Redmond, (206) 881-3080. 


CANADA: Nepean, Ontario (613) 726-1970; Richmond 
Hill, Ontario (416) 884-9181; St. Laurent, Quebec 


(514) 334-3635. F 


TI Regional 
Technology Centers 


CALIFORNIA: Irvine, (714) 660-8140, Hotline: 
(714) 660-8164. Santa Clara (408) 748-2220, Hotline: 
(408) 980-0305. 


GEORGIA: Atlanta, (404) 452-4682, Hotline: (404) 452-4686. 
ILLINOIS: Chicago, (312) 640-2909, Hotline: (312) 228-6008. 


MASSACHUSETTS: Boston, (617) 890-6671, Hotline: 
(617) 890-4271. 


TEXAS: Dallas, (214) 680-5066, Hotline: (214) 680-5096. 


TI Distributors 


Tl AUTHORIZED DISTRIBUTORS IN USS.: 
Arrow Electronics 


ALABAMA: Arrow (205) 882-2730, Marshall (205) 
881-9235. 


ARIZONA: Phoenix, Arrow (602) 968-4800; Kierulff (602) 
243-4101; Marshall (602) 968-6181; Wyle (602) 249-2232, 
Tucson, Kierulff (602) 624-9986. 


CALIFORNIA: Los Angeles/ County, Arrow (213) 
701-7500, (714) 838-5422; Kierulff (213) 725-0325, (714) 
731-5711; Marshall (213) 999-5001, (213) 442-7204. (714) 
556-6400; R.V. Weatherford (714) 634-9600, (213) 849-3451, 
(714) 623-1261; Wyle (213) 322-8100, (714) 863-9953; 
Sacramento, Arrow (916) 925-7456; Wyle (916) 638-5282; 
San Diego, Arrow (619) 565-4800; Kierulff (619) 278-2112; 
Marshall (619) 578-9600; Wyle (619) 565-9171; San 
Francisco Bay Area, Arrow (408) 745-6600; Kierulff (415) 
968-6292; Marshall (408) 732-1100; Wyle (408) 727-2500; 
Santa Barbara, R. V. Weatherford (805) 965-8551. 


COLORADO: Arrow (303) 696-1111; Kierulff (303) 
790-4444; Wyle (303) 457-9953. 


CONNECTICUT: Arrow (203) 265-7741; Diplomat (203) 
797-9674; Kierulff (203) 265-1115; Marshall (203) 265-3822; 
Milgray (203) 795-0714. 


FLORIDA: Ft. Lauderdale, Arrow (305) 776-7790; Diplomat 
(305) 974-8700; Kierulff (305) 486-4004; Orlando, Arrow 
(305) 725-1480; Milgray (305) 647-5747; Tampa, Diplomat 
(813) 443-4514; Kierulff (813) 576-1966. 


TEXAS 
INSTRUMENTS 


Creating useful products 
and services for you. 


GEORGIA: Arrow (404) 449-8252; Kierulff (404) 447-5252; 
Marshall (404) 923-5750. 


ILLINOIS: Arrow (312) 397-3440; Diplomat (312) 595-1000; 
Hall-Mark (312) 860-3800; Kierulff (312) 640-0200; Newark 
(312) 638-4411. 


INDIANA: Indianapolis, Arrow (317) 243-9353; Graham 
(317) 634-8202, Ft. Wayne, Graham (219) 423-3422. 


IOWA: Arrow (319) 395-7230. 


KANSAS: Kansas City, Hali-Mark (913) 888-4747; Wichita, 
LCOMP (316) 265-9507. 


MARYLAND: Arrow (301) 247-5200; Diplomar (301) 
995-1226; Kierulff (301) 636-5800; Milgray (301) 468-6400. 


MASSACHUSETTS: Arrow (617) 933-8130; Diplomat (617) 
935-6611; Kierulff (617) 667-8331; Marshall (617) 272-8200; 
Time (617) 935-8080. 


MICHIGAN: Detroit, Arrow (313) 971-8220; Marshall (313) 
525-5850; Newark (313) 967-0600; Grand Rapids, Arrow 
(616) 243-0912. 


MINNESOTA: Arrow (612) 830-1800; Hall-Mark (612) 
854-3223; Kierulff (612) 941-7500. 


MISSOURI: Kansas City, LCOMP (816) 221-2400; St. 
Louis, Arrow (314) 567-6888; Hall-Mark (314) 291-5350; 
Kierulff (314) 739-0855. 


NEW HAMPSHIRE: Arrow (603) 668-6968. 


NEW JERSEY: Arrow (201) 575-5300, (609) 596-8000; 
Diplomat (201) 785-1830; General Radio (609) 964-8560; 
Kierulff (201) 575-6750; Marshall (201) 882-0320, (609) 
234-9100; Milgray (609) 983-5010. 


NEW MEXICO: Arrow (505) 243-4566; International 
Electronics (505) 345-8127. 


NEW YORK: Long Island, Arrow (516) 231-1000; Diplomat 
(516) 454-6334; JACO (516) 273-5500; Marshall (516) 
273-2424; Milgray (516) 420-9800; Rochester, Arrow (716) 
275-0300; Marshall (716) 235-7620; Rochester Radio Supply 
(716) 454-7800; Syracuse, Arrow (315) 652-1000; Diplomat 
(315) 652-5000; Marshall (607) 754-1570. 


NORTH CAROLINA: Arrow (919) 876-3132, (919) 
725-8711; Kierulff (919) 872-8410. 


OHIO: Cincinnati, Graham (513) 772-1661; Hall-Mark (513) 
563-5980; Cleveland, Arrow (216) 248-3990; Hall-Mark (216) 
349-4632; Kierulff (216) 587-6558; Columbus, Hall-Mark 
(614) 891-4555, Dayton, Arrow (513) 435-5563; ESCO (513) 
226-1133; Marshall (513) 236-8088. 


OKLAHOMA: Arrow (918) 665-7700; Hall-Mark (918) 
665-3200; Kierulff (918) 252-7537. 


OREGON: Arrow (503) 684-7690; Kierulff (503) 641-9150; 
Wyle (503) 640-6000. 


PENNSYLVANIA: Arrow (412) 856-7000, (215) 928-1800; 
General Radio (215) 922-7037. 


TEXAS: Austin, Arrow (512) 835-4180; Hall-Mark (512) 
258-8848; Kierulff ($12) 835-2090; Dallas, Arrow (214) 
386-7500; Hall-Mark (214) 341-1147, International Elec- 
tronics (214) 233-9323, Kierulff (214) 343-2400; Wyle, (214) 
235-9953; El Paso, International Electronics (915) 598-3406; 
Houston, Arrow (713) 530-4700; Hall-Mark (713) 781-6100; 
Harrison Equipment (713) 879-2600; Kierulff (713) 530-7030. 


UTAH: Diplomar (801) 486-4134; Kierulff (801) 973-6913; 
Wyle (801) 974-9953. 


VIRGINIA: Arrow (804) 282-0413. 


WASHINGTON: Arrow (206) 643-4800; Kierulff (206) 
575-4420; Wyle (206) 453-8300. 


WISCONSIN: Arrow (414) 764-6600; Hall-Mark (414) 
761-3000; Kierulff (414) 784-8160. 


CANADA: Calgary, Future (403) 486-0974; Varah (403) 
230-1235; Hamihton, Varah (416) 561-9311; Montreal, 
CESCO (514) 735-5511, Furure (514) 694-7710, ITT 
Components (514) 735-1177; Ottawa, CESCO (613) 
226-6903, Future (613) 820-8313; [TT Components (613) 
226-7406; Varah (613) 592-4728; Quebec City, CESCO (418) 
687-4231, Toronto, CESCO (416) 661-0220; Future (416) 
663-5563; ITT Components (416) 630-7971; Vancouver, 
Future (604) 438-5545; Varah (604) 873-3211, ITT Compo- 
nents (604) 270-7805, Winnipeg, Varah (204) 633-6190. BF 
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